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"THE  PROGRESS  OF  ELECTRICITY  ON  STEAM  ROADS  IN  1906." 

Presidential  Address  of  Biox  J.  Arnold. 

Delivered  at  the  Annual  Meeting  of  the  Society  Jan.  8,  190/. 

On  a  former  occasion,  in  September,  1904,  during-  the  Interna- 
tional Electrical  Congress,  at  the  joint  meeting  of  the  Institution 
of  Electrical  Engineers  of  Great  Britain  and  the  Amercian  Insti- 
tute of  Electrical  Engineers,  as  retiring  president  of  the  latter 
body,  I  spoke  upon  the  "Electrification  of  Steam  Railroads,"  and 
it  may  be  of  interest  to  quote  a  few  paragraphs  from  that  speech, 
as  the  predictions  made  at  that  time  seem  to  have  been  fairly 
closely    followed    since. 

After  having  referred  to  the  early  struggles  of  the  electrical 
engineer  in  attempting  to  introduce  electric  traction  in  street  and 
interurban  railway  service,  and  referring  briefly  to  the  large  elec- 
trification schemes  then  under  way,  I  said : 

"That  electricity  will  be  generally  used  on  our  main  railway 
terminals,  and  ultimately  on  our  main  through  lines  for  passenger 
and  freight  service.  I  am  convinced,  but  I  do  not  anticipate  that  it 
will  always  be  adopted  on  the  ground  of  economy  in  operation, 
neither  do  I  anticipate  that  it  will  come  rapidly,  or  through  the 
voluntary  acts  of  the  owners  of  steam  railroads,  except  in  special 
instances. 

"At  first  the  terminals  will  be  equipped  for  special  reasons,  due 
either  to  the  voluntary  act  on  the  part  of  the  terminal  companies 
to  effect  economy  in  operation,  or  to  public  pressure  brought  to 
bear  upon  the  owners  through  an  increased  demand  on  the  part 
of  the  public  for  better  service,  on  the  grounds  that  the  use  of  the 
steam   locomotive    is   objectionable   in   our   great   cities.  _  . 

"Those  roads  which  run  through  populous  countries  will  either 
build  new  roads,  or  acquire,  for  their  own  protection,  those  elec- 
tric railroads  already  built  and  operating  in  competition  with 
them,  and  utilize  them  as  feeders  to  their  through  line  steam 
trains.  Thus  the  steam  railroad  companies  will  gradually  be- 
come interested  in  electric  railways  and  eventually  become  prac- 
ticallv  the  real  owners  of  them.  With  these  roads  operating  as 
feeders  to  the  main  line  system  and  with  the  terminals  thus 
equipped  and  the  public  educated  to  the  advantages  of  riding  m 
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electrically  equipped  cars,  the  next  step  will  logically  be  the  elec- 
trical equipment  of  the  trunk  lines  between  the  cities  already  hav- 
ing electrical   terminals. 

"Thus  some  favorably  located  trunk  line  having  a  sufficient 
density  of  population  will  feel  warranted  in  equipping  electrically, 
and  when  this  is  once  done  the  other  roads  running  between  the 
same  competing  points  must,  sooner  or  later,  follow,  in  order  to 
hold  their  passenger  traffic. 

"This  may  result  in  temporarily  relegating-  some  roads  .to 
freight  service,  so  long  as  they  operate  exclusively  by  steam,  but 
with  the  increased  demand  on  the  part  of  the  public  for  better 
and  cleaner  service  will  come  a  corresponding  increase  in  passen- 
ger revenue  to  the  roads  equipped  for  handling  it  until  one  road 
after  another  finds  it  advantageous  to  furnish  an  electric  passen- 
ger service. 

"With  the  terminals  and  main  line  equipped  electrically,  and 
the  desire  on  the  part  of  the  public  for  more  prompt  and  effective 
freight  service  resembling  that  which  is  given  by  the  steam  roads 
in  England  and  on  the  Continent,  due  to  the  great  density  of  pop- 
ulation, there  will  be  developed  a  great  high  class  freight  service 
conducted  in  light,  swiftly  moving  electric  trains  which  can  be 
quickly  divided  and  distributed  over  the  surface  tracks  of  our 
smaller  cities,  or  through  underground  systems  similar  to  that 
which  is  now  being  built  in  Chicago.  Such  a  system  would  soon 
prove  indispensable  to  the  public  and  a  source  of  great  profit  to 
the  roads  as  it  is  now  getting  to  be  to  many  suburban  railways. 

"This  class  of  freight  service  would  prove  so  large  a  part  of 
the  freight  traffic  of  a  road  that  the  operation  of  the  through 
freight  traffic  by  steam  locomotives,  though  at  present  cheaper, 
would  in  time,  as  the  cost  of  coal  increases,  grow  less,  until  those 
roads  operating  an  electric  passenger  service  would  ultimately  use 
electricity  exclusively." 

Previous  to  that  time  the  officials  of  the  steam  railways  of  the 
country  had  paid  but  little  attention  to  the  subject  of  electricity, 
but  were  then  beginning  to  realize  the  inroads  that  were  being 
made  upon  their  local  traffic  by  the  interurban  roads.  This  caused 
the  more  progressive  ones  among  them  to  begin  to  carefully  in- 
vestigate the  claims  of  the  advantages  of  electric  traction,  with 
the  result  that  at  that  time  there  were  either  contemplated,  or  well 
under  way,  a  number  of  important  electrical  installations,  which 
could  be  credited  to  the  favorable  decisions  of  steam  railway  offi- 
cials. 

Confirming  the  prediction  which  I  then  made,  to  the  efifect  that 
the  steam  railroads  would  acquire  the  electric  roads  paralleling  them, 
T  call  attention  to  the  fact  that  according  to  published  reports  the 
New  York  Central  R.  R.  has  since  then,  in  addition  to  practically 
completing  its  great  electric  terminal  in  New  York  City,  either 
purchased  outright,  or  acquired  indirectly  the  controlling  interest 
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in  most  of  the  interurban  roads  paralleling  its  lines  between  Al- 
bany and  Buffalo,  and  the  Xew  York,  Xew  Haven  &  Hartford 
R.  R.  has  recently  acquired  practically  all  the  interurban  roads 
which  compete  with  it  in  its  territory.  The  Erie  R.  R.,  in  addi- 
tion to  its  preparation  for  the  electrification  of  its  terminals  in  the 
vicinity  of  Jersey  City,  is  now  equipping  thirty-four  miles  of 
track,  extending  southeast  of  Buffalo,  thus  retaining  traffic  which 
might  have  been  taken  from  it  by  the  construction  of  competing 
interurban   lines. 

In  like  manner  the  Pennsylvania  R.  R.  system,  in  addition  to  the 
electrification  of  its  great  terminal  system  in  the  vicinity  of  Xew 
York,  is  gradually  electrifying  the  Long  Island  R.  R.  system, 
which  so  effectually  gridirons  the  island  lying  east  of  Manhattan 
Island,  and  known  as  Long  Island. 

The  X'^ew  York,  X'ew  Haven  &  Hartford  R.  R.  is  also  going  to 
great  expense  in  the  electrification  of  its  line  from  X'ew  York 
City  to  Stamford.  Conn.,  a  distance  of  thirty-one  miles,  with 
reasonable  probability  of  gradual  extension  of  electric  traction 
over  its  system. 

These  few  examples,  together  with  the  electrical  operation  of 
the  great  Simplon  tunnel,  by  means  of  which  the  traveler  will  be 
carried  from  .Switzerland  into  Italy  without  the  annoyance  due  to 
the  obnoxious  gases  emitted  from  the  steam  locomotive,  are  suflfi- 
ciently  impressive.  I  believe,  to  emphasize  the  correctness  of  the 
lines  of  development  outlined  by  me  in  1904,  involving,  as  they 
do.  an  expenditure  of  approximatelv  $100,000,000.  for  electrical 
equipment,  and  a  collateral  investment  of  some  $300,000,000 
more. 

In  addition  to  these  general  types  there  are  now  under  con- 
struction, or  contemplated  construction,  many  special  installations 
adopted  for  various  reasons,  such,  for  instance,  as  the  Saint  Clair 
tunnel  of  the  Grand  Trunk,  extending  from  Port  Huron,  Michigan, 
to  Sarnia.  Ontario,  wherein  steam  locomotives  will  soon  be  aband- 
oned and  trains  operated  electrically. 

The  equipment  of  the  Cascade  Division  of  the  Great  Xorthern, 
over  the  Cascade  mountains,  a  distance  of  about  100  miles,  although 
not  yet  definitely  decided  upon  is  another  notable  example  of  the 
contemplated  application  of  electricity  to  steam  roads.  Its  equip- 
ment would  eliminate  the  use  of  steam  locomotives  now  operating 
over  a  tortuous  piece  of  road,  and  through  a  long  and  difficult  uin- 
nel. 

Electrification  is  also  contemplated  upon  a  division  of  the  South- 
ern Pacific,  through  the  Sierra  Xevada  mountains,  for  the  purpose 
of  eliminating  the  difficulties  due  to  tunnel  operation,  and  of  increas- 
ing the  capacitv  of  the  road,  which  is  now  limited  by  the  size  -i  the 
present  steam  locomotives. 

Thinking  that  a  little  more  specific  information  regarding  certain 
important  installations  that  have  been  put  in  operation  durinj?-  the 
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past  \ear,  or  are  now  under  construction,  would  be  of  interest,  I  will 
describe  some  of  them  briefly,  attempting"  to  bring  out  the  principal 
points,  and  eliminating  detail  as  far  as  practicable : 

New  York  Central  &  Hudson  River  R.  R.  :  As  is  well  known, 
this  railroad  has  been  engaged  in  the  electrification  of  its  New  York 
terminal  for  about  four  years,  and  has  recently  put  into  operation, 
for  passenger  service,  interurban  trains  running  between  New  York 
City  and  High  Bridge,  a  distance  of  about  nine  miles,  and  is  now 
introducing  electric  locomotives  into  the  terminal  service  for  opera- 
tion of  its  through  trains  between  the  Grand  Central  terminal  and 
Croton,  35  miles,  and  North  White  Plains,  on  the  Harlem  division, 
29  miles  from  New  York.  The  installation  will,  when  completed, 
consist  of  two  power  stations  of  30,000  kw.  each,  and  8  sub-stations 
which  will  supply  and  distribute  electrical  energy  to  about  400  miles 
of  track  within  a  radius  of  40  miles  from  the  city  of  New  York.  An 
experimental  track  for  testing  the  locomotives  designed  for  this 
special  work  was  equipped  by  the  New  York  Central  and  the  Gen- 
eral Electric  companies,  acting  jointly,  and  upon  this  track,  experi- 
ments have  been  conducted  for  the  past  three  years,  with  the  result 
that  the  type  of  locomotive  for  through  train  service  which  is  now 
being  introduced  into  actual  work  has,  by  a  long  series  of  experi- 
ments, proven  itself  capable  of  doing  the  work  for  which  it  is  in- 
tended. Of  these  machines,  35  are  now  ready  for  operation  and  will 
be  introduced  as  rapidly  as  men  can  be  trained  to  operate  them. 
Each  locomotive  weighs  100  tons,  has  a  normal  capacity  of  2,200  h. 
p.  and  a  maximum  capacity  of  3,000  h.  p.  and  will  run  at  speeds 
varying  from  40  to  80  miles  per  hour,  tlepending  upon  the  weight 
of  the  trains,  which  will  vary  from  250  to  900  tons.  Two  or  more 
locomotives  can  be  coupled  together  for  heavy  train  service,  and 
operated  upon  the  multiple  unit  system  in  the  same  manner  as  the 
cars. 

There  will  soon  be  200  steel  motor  cars  in  service,  each  equipped 
with  400  h.  p.  of  motor  capacity,  and  so  arranged  that  they  can  be 
run  singly  or  in  multiple,  at  will,  although  some  are  now  used  as 
trailers  without  motor  equipments.  Each  motor  car  is  60  feet  long 
over  all,  weighs  53  tons,  seats  60  passengers,  and  is  designed  to  run 
at  a  maximum  speed  of  52  miles  per  hour. 

One  power  house,  in  which  has  been  installed  20,000  kw.  in  turbo- 
generators and  the  necessary  auxiliaries,  is  now  in  service,  and  the 
energy  distributed  to  the  trains  by  means  of  four  sub-stations,  in 
which  are  placed  storage  battery  auxiliaries  for  the  purpose  of  regu- 
lating the  load  upon  the  power  stations,  and  for  reserve  capacitv  in 
case  of  accident  to  any  sul>station  or  power  station.  From  the  sub- 
stations the  energy  is  distributed  to  the  trains  by  means  of  secondarv 
copper  feeders  and  an  inverted,  or  imder-contact,  type  of  third  rail. 

By  the  adoption  of  electric  traction  the  New  York  Central  R.  R. 
was  enabled  to  abandon  the  use  of  steam  locomotives  in  its  Park 
Avenue  tunnel,  which  has  always  been  a  source  of  annovance  to  its 
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patrons  and  of  danger  to  tlie  road.  It  has  also  been  enabled  to  make 
extensive  improvements  in  its  terminal  facilities,  in  the  wav  of  low- 
ering its  tracks,  thereby  making  the  viaducts  leading  from  "the  west- 
ern part  of  the  city  to  the  east  side  available  for  team  traffic,  thus 
adding  greatly  to  the  value  of  east  side  real  estate.  This  condition 
of  lowering  the  viaducts  had  been  imposed  upon  the  company  by  the 
City  of  New  York  before  they  could  obtain  permission  to  make  the 
improvement.  With  this  condition  imposed  upon  it,  however,  the 
company  saw  fit  to  acquire  a  large  amount  of  additional  real  es- 
tate on  each  side  of  the  right  of  way,  which  permitted  its  engineers 
and  architects  to  plan  a  much  more  comprehensive  terminal  system 
than  had  been  previously  possible.  This  terminal  station  will  cost 
approximately  $15,000,000  when  completed,  and  will  be  built  upon 
the  double  deck  plan,  the  suburban  trains  entering  it  at  the  lower 
level,  and  the  express  trains  on  the  upper  level.  The  introduction 
of  electric  traction  into  this  terminal  has  made  it  practicable  for  the 
company  to  expend  advantageously  about  $65,000,000  in  these  ter- 
minal improvements,  about  $15,000,000  of  which  was  for  the  electric 
traction  portion  of  the  equipment. 

TuxxELS:  Other  great  improvements  now  planned  or  under  con- 
struction, which  are  made  possible  by  the  introduction  of  electricity, 
and  which  will  enable  all  other  steam  railroads  in  the  vicinity  of 
New  York  City  to  enter  Manhattan  Island,  are : 

Pennsylvania  R.  R. :  Becrinnins:  at  Bergen  Hill  in  New  Jer- 
sev.  about  2.7  miles  from  the  proposed  New  York  City  station,  and 
almost  directly  in  line  with  Thirty-third  street  on  Manhattan  Is- 
land, the  plans  of  the  Pennsylvania  R.  R.  contemplate  the  con<trrc- 
tion  of  two  tunnels,  each  IQ  feet  in  diameter,  parallel  with  each 
other,  from  Bergen  Hill,  through  the  Palisades,  and  under  the  Hud- 
son River,  thence  under  a  portion  of  ^Manhattan  Island  to  the  termi- 
nal station  located  between  Thirtv-second  and  Thirty-fourth  streets 
and  Seventh  and  Eighth  avenues  in  New  York  City.  From  this  ter- 
minal station  eastward  there  will  be  four  tunnels,  each  23  feet  in 
diameter,  extending  across  the  island  and  under  the  East  River  to 
the  terminal  in  Long  Island  City,  where  the  tracks  will  come  to  the 
surface,  and  connect  with  the  extensive  yards  contemplated  bv  the 
Pennsvlvania  R.  R.  at  that  point.  Through  these  tunnels,  which  are 
about  14.000  fee,t  in  length,  will  be  operated,  by  electric  locomotives, 
all  passeneer  service  entering  New  York  City,  of  the  PennsvKania 
R.  R..  and  probablv  a  large'  amount  of  freight  for  the  distribution 
vard  at  Long  Island  City.  The  suburban  trains  for  interurban  ser- 
vice passing  through  these  tunnels  will  be  operated  on  the  multiple 
unit  system,  and  the  electric  locomotives,  will  be  as  in  the  case  of  the 
New  York  Central  R.  R..  similarly  operated,  when  it  is  desired  to 
couple  them  together. 

For  the  purpose  of  enal)ling  the  interurban  and  other  steam  roads 
entering  Jersey  City  to  enter  the  City  of  New  York,  there  arc  now 
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being-  constructed  two  other  systems  of  tunnels,  one  under  the  name 
of  the  Hudson  &  Manhattan  R.  R..  and  the  other  under  the  name  of 
the  New  York  &  Jersey  R.  R.  The  interests  of  both  companies 
have  been  recently  consolidated  and  now  operate  under  the  name  of 
the  former.  The  two  tunnels  of  the  Hudson  &  Manhattan  R.  R.  ex- 
tend from  the  foot  of  Exchange  Place  in  Jersey  City  to  the  termi- 
nal at  Church  and  Fulton  streets  on  the  island  of  ^lanhattan,  a  dis- 
tance of  about  9,000  feet.  The  tunnels  of  the  New  York  &  Jersey 
R,  R.  will  extend  from  the  foot  of  Fourteenth  street  in  Jersey  City 
to  Morton  street  on  ^[anhattan  island,  a  distance  of  about  5,000  feet. 

It  will  be  noticed  that  the  tunnels  of  both  of  these  companies  are 
considerably  smaller  than  those  of  the  Pennsylvania  R.  R.  They 
are  constructed  for  tiie  purpose  of  feeding  the  present  subway  of  the 
Interborough  Company ;  consequently  all  cars  entering  these  tun- 
nels will  have  to  be  of  the  special  small  and  low  design  now  used 
b}'  the  Interborough  Company,  a  misfortune  which  it  seems  impos- 
sible now  to  overcome,  as  it  will  effectually  prevent  any  of  the 
through  trains  of  the  steam  roads  which  now  terminate  at  Jersey 
City  entering  Manhattan  island  unless  they  come  through  tunnels 
of  their  own  to  be  hereafter  constructed. 

In  addition  to  the  subways  heretofore  mentioned,  to  be  used  for 
the  accommodation  of  steam  railway  traffic,  there  are  to  be  four  ad- 
ditional tunnels  constructed  under  the  East  River,  two  by  the  New 
York  &  Long  Island  P..  R.  at  Forty-second  street,  and  two  under 
the  direction  of  the  Rapid  Transit  Commission,  from  the  present 
terminal  of  the  Interborough  subway,  at  the  Battery,  to  Joralemon 
street  in  Brooklyn,  and  connecting  with  the  subway  under  construc- 
tion to  the  Flatbush  terminal  of  the  Long  Island  R.  R. 

It  will  thus  be  seen  that  when  the  present  tunnels  which  are  now 
under  construction  are  completed  there  will  be  six  under  the  Hud- 
son River,  and  eight  under  the  East  River,  or  fourteen  in  all. 

While  certain  experimental  electric  locomotives  have  been  built 
for  operation  in  the  Pennsylvania  R.  R.  tunnels,  and  it  is  probable 
that  tlie  third  rail,  direct  current  method  of  propulsion  will  be  used, 
I  do  not  understand  that  the  type  of  locomotive  or  system  of  propul- 
sion has  been  absolutely  decided  upon  and  therefore  omit  further  de- 
tails. 

All  cars  which  will  operate  through  the  tunnels  of  the  Hudson 
&  Manhattan  Company,  and  the  New  Y'ork  &  Jersey  Company 
will  necessarily  have  to  be  of  the  type  which  will  operate  upon  the 
direct  current  third  rail,  such  as  is  used  in  the  operation  of  the 
Interborough  Company's  subway. 

New  Y'ork,  New  Hwex  &  Hartford  R.  R.  :  The  decision  of 
the  New  York  Central  R.  R.  to  adopt  electricity  for  its  terminal, 
necessitated  similar  action  on  the  part  of  the  New  York,  New  Ha- 
ven &  Hartford  R.  R.,  as  the  trains  of  the  latter  company  enter  the 
Grand  Central  Station  over  the  tracks  of  the  former  company.  The 
New  York,  New  Haven  &  Hartford  not  having  taken  up  the  subject 
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until  some  two  years  after  the  decision  of  the  New  York  Central 
was  made,  and  having  the  benetit  of  the  development  in  the  state  of 
the  art,  decided  not  to  adopt  the  direct  current,  third  rail  method 
of  propulsion,  but  on  the  contrary  adopted  the  single  phase  overhead 
contact  method  of  train  propulsion,  and  is  now  engaged  in  install- 
ing and  getting  ready  for  operation  the  most  extensive  and  elaborate 
single  phase  system  yet  attempted,  the  outcome  of  which  is  being 
watched  with  great  interest  by  railroad  men. 

This  company  is  at  present  installing  electric  traction  on  its  sys- 
tem between  Woodlawn,  (where  its  tracks  join  those  of  the  New 
York  Central  R.  R.),  and  Stamford,  Conn.,  33  miles  from  New 
York.  Betw-een  Woodlawn  and  Stamford  the  road  will  be  equipped 
with  overhead  working  conductors,  operating  with  single  phase  25 
cycle  current  at  11,000  volts.  From  this  conductor  the  current  will 
be  collected  by  means  of  under-contact  sliding  shoes,  transformed  to 
a  pressure  of  about  450  volts  by  the  transformers  carried  upon  the 
locomotives,  and  used  in  the  motors  as  alternating  current.  Each 
locomotive  is  designed  to  weigh  72  tons,  has  a  nominal  capac- 
ity of  1,000  h.  p.  and  continuous  capacity  of  800  h.  p.  and  is  de- 
signed to  make  from  26  to  45  miles  per  hour,  with  trains  varying 
from  200  tons  to  250  tons.  Several  of  these  locomotives  have  been 
delivered  and  are  now  being  tried  out  upon  the  experimental  track 
of  the  company:  it  is  expected  that  they  will  go  into  practical  ser- 
vice as  soon  as  the  overhead  work  and  power  station  equipment  of 
the  company  can  be  completed.  The  company  will  not  at  present 
use  the  multiple  unit  system,  but  will  operate  its  suburban  trains 
by  means  of  these  electric  locomotives,  30  of  which  have  been  or- 
dered for  this  service.  The  system  will  be  operated  from  the  com- 
pany's power  station,  generating  single  phase  current,  and  having 
a  capacity  sufficient  to  properly  operate  the  trains.  The  overhead 
construction  is  divided  in  sections  with  suitable  circuit  breakers  at 
the  end  of  each  section  which  will  open  automatically  in  case  of  a 
short  circuit,  or  can  be  manually  controlled  by  the  towerman. 

St.  Clair  Tuxnel:  In  order  to  eliminate  the  present  objections 
regarding  the  use  of  steam  locomotives  in  the  St.  Clair  tunnel  of  the 
Grand  Trunk  system,  extending  between  Port  Huron,  Mich.,  and 
Sarnia.  Ontario,  the  officials  of  that  company  decided  a  little  over  a 
year  ago  to  adopt  electrical  propulsion.  After  due  consideration, 
it  was  decided  to  adopt  the  single  phase  method  of  propulsion.  This 
system  was  adopted  for  several  reasons,  the  principal  one  being  the 
objection  to  the  use  of  the  third  rail  in  the  yard  of  the  company  at 
each  end  of  the  tunnel,  which  was  quite  extensive,  and  in  which 
much  switching  had  to  be  done  in  making  up  trains  before  entering 
the  tunnel.  The  equipment  w-ill  consist  of  six  electric  locomotives, 
weighing  120  ton?  each,  having  a  normal  capacity  of  1,500  h.  p., 
capable  of  exerting  a  drawbar  pull  of  25,000  pounds,  at  a  speed  of 
10  miles  per  hour,  and  a  maximum  speed  for  passenger  train  service 
of  ^-^i   miles   per  liour.     They   will   operate  with  alternating  single 


8  Arnold — Elcctriciiy  o:t  Steam  Roads  in   1906. 

phase  25  cycle  current  at  3,000  volts  collected  from  an  overhead 
conductor  by  means  of  an  under  contact  sliding  shoe. 

The  power  station,  which  is  now  well  under  construction,  will 
contain  two  1,250  kw.  turbo-generators,  either  one  of  which  W'ill  be 
capable  of  operating  the  tunnel  up  to  its  full  capacity,  the  other  be- 
ing held  in  reserve.     The  decision  to  adopt  single  phase   for  this 
installation  was  made  by  the  writer  sometime  prior  to  the  decision  of 
the  New  York.  New  Haven  &  Hartford  R.  R.,  and  like  it,  the  work- 
ing of  this  system  in  this  class  of  service  will  be  carefully  watched.  . 
Erie  R.  R.  :     This  road  has  a  commission  organized  for  the  pur- 
pose considering  the   feasibility  of  electrically  equipping  its  lines, 
now    running    out    of    Jersey    City,    a    total    of    about    250    miles, 
although     it     is     contemplated     that     but     35      miles      will     be 
immediately    equipped,   viz. :    the    division    extending    from   Jersey 
City   to    Greenwood   Lake.     In   addition   to   its    suburban   lines   in 
the   vicinity  of  Jersey   City   and    its   terminal,   the   road   now   has 
under  construction  34  miles  of  single  track,  known  as  the  Rochester 
Division.     This  division  lies  between  Rochester,  N.  Y.  and  Avon, 
with  a  branch  between  Avon  and  ]\It.  ^Morris.     The  single  phase  al- 
ternating current  system  will  be  used,  having  a  w^orking  pressure 
of  11.000  volts  on  the  overhead  conductor.     The  energv  will  be  se- 
cured from  Xiagara  Falls  at  a  pressure  of  60,000  volts.     Six  pas- 
senger coaches,  54  feet  long,  and  seating  56  people,  will  be  placed 
in  service,  each  car  weighing  about  50  tons,  and  equipped  with  four 
100  h.  p.  motors.     These  cars  will  be  capable  of  a  maximum  speed 
of  from' 45  to  50  miles  per  hour,  and  of  hauling  one  trailer.     While 
this  extension  of  the  Erie  R.  R.  is  short,  the  company  has  under 
contemplation  the  electrical  equipment  of  its  entire  suburban  ser- 
vice surrounding  Jersey  City,  which  will  involve  an  expenditure  of 
some  $15,000,000.     Plans  are  now   being  formulated   for  this  ex- 
penditure. 

We.st  Jer.skv  .and  S'v\.sitore  (Brvxcii  Pennsylvania  R.  R.)  : 
This  is  a  recently  electrified  branch  of  the  Pennsylvania  R.  R..  from 
Camden,  N.  J.  to  Atlantic  City,  a  distance  of  65  miles.  The  equip- 
ment consists  of  a  power  house.  8  sub-stations,  and  71  nii!es  of  du- 
plicate high  tension  line.  The  service  is  ultimately  to  consist  of 
three-car  express  trains  running  60  miles  per  hour,  on  a  15  minute 
headway,  and  local  service  at  10  minute  intervals.  The  equipment 
of  this  line  was  done  in  record  breaking  time,  the  site  for  the  power 
house  having  been  choren  Tanuarv  17,  1906.  and  on  July  ist  two 
boilers  were  under  steam  with  a  turbine  and  auxiliaries  running,  and 
car  service  on  the  line.  The  ability  to  secure  direct  current  aopar- 
atus  quickly  was  one  of  the  main  reasons  for  ado])ting  the  direct 
current  sy.stem  in  this  case 

Tn  the  sub-stations  the  line  voltaTe  is  rediKcd  and  transformed 
from  33.000  volts  three-phase,  to  650  volts  direct  current.  Third 
rail  ef|uipmf»nt  was  used  of  the  Pennsvlvania  R.  R.  standard  di- 
mensions.    These   dimensions   will    satisfactorily   operate   with   the 
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equipment  of  the  Long  Island  R.  R.  and  the  Intcrborough  system  of 
Manhattan  Island.  The  rail  is  protected  at  stations  and  in  yards. 
The  cars  for  service  on  this  line  have  a  seating  capacity  of  58.  are 
double  vestibuled,  and  are  well  protected  from  tire  risk.  The  cars 
are  55  feet  5^/2  inches  long,  and  weigh,  when  fully  equipped.  89,- 
000  pounds,  being  heated  and  lighted  electrically,  and  equipped  with 
hand  brakes  and  quick  service  air  brakes. 

SouTiiERX  Pacific  Ry.  :  This  system  is  making  active  prepara- 
tions to  change  about  20  miles  of  local  steam  line  for  electric  trac- 
tion service.  The  line  extends  from  the  Ferry  terminal,  San  Fran- 
cisco, to  Alameda  and  Oakland.  The  generator  station  is  at  Ala- 
meda. The  electrical  equipment  is  built  for  500  volts  direct  current, 
with  overhead  trolley  and  utilizing  present  tracks.  A  year  has  been 
allowed  for  this  work  to  be  completed,  after  which  time  the  electri- 
fication of  the  lines  may  possibly  be  extended.  It  is  not  the  inten- 
t'on  at  present  to  do  away  with  the  steam  locomotives,  but  these 
will  be  used  to  aid  the  electric  service  during  the  rush  hours.  It  is 
stated  that  an  appropriation  of  about  $1,250,000  has  been  made  for 
this  work. 

West  Shore  R.  R.  :  An  important  piece  of  equipment  for  elec- 
trical operation  is  now  under  construction  between  Utica  and  Syra- 
cuse, N.  Y.  The  work  in  hand  covers  a  distance  of  44  miles,  and 
the  passenger  train  schedule  provides  for  limited  trains  in  each  di- 
rection, making  the  distance  from  terminal  to  terminal  in  i  hour  and 
22  minutes.  In  deciding  upon  the  plans  the  relative  merits  of  al- 
ternate current  overhead  equipment  and  third  rail  current  equip- 
ment were  carefully  considered,  and  the  decision  to  install  the  di- 
rect current  system  was  largely  determined  by  the  general  flexibil- 
ity of  a  third  rail  equipment,  should  it  become  desirable  to  make 
lateral  extensions,  install  additions,  side  tracks,  etc. 

Over  certain  sections  of  the  line  traffic  conditions  require  that  two 
ad(^itional  tracks  be  built.  These  tracks  will  enable  the  passenger 
trains,  operated  by  electricity  at  55  and  45  miles  an  hour,  to  avoid 
interference  with  freight  trains  operated  by  steam,  as  fast  freight 
trains  with  a  schedule  of  about  25  miles  per  hour,  and  local  freights 
with  a  schedule  of  about  15  miles  per  hour.  Construction  work  was 
started    on    May    15,    and  is    well    under  wav  at    the  present  time. 

Electric  power  will  be  furnished  by  the  Hudson  River  Electric 
Power  Company,  which  will  deliver  three-phase  6o,ooo  volt  current 
at  the  railway  company's  sub-station  7  miles  west  of  Utica.  The 
Hudson  River  company  for  the  present  will  generate  this  current  at 
its  auxiliary  steam  plant  in  Utica,  but  upon  the  completion  of 
its  contemplated  transmission  lines,  current  will  very  likely  be  taken 
from  the  hydro-electric  plants  owned  by  the  company  in  the  eastern 
part  of  the  state.  There  will  be  four  sub-stations  located  about  10^2 
miles  apart.  These  will  l)e  identical  in  construction  and  each  will  be 
equipped   with   two   30okw.   rotaries   and   necessary   apparatu-    for 
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transforming  60,000  volt  three-phase  current  to  direct  current  at 
600  volts  for  distribution  to  the  rails. 

The  transmission  line  towers  will  be  of  steel  and  similar  in  design 
to  those  built  for  the  Syracuse  Rapid  Transit  R.  R.  There  will  be 
391  of  these  towers  with  normal  spacing  of  480  feet.  Most  of  the 
towers  are  39  feet  high,  but  the  highest  are  63  feet.  The  line  con- 
ductors will  be  located  at  the  vertices  of  an  equilateral  triangle  7 
feet  on  a  side. 

The  third  rail  construction  is  the  Wilgus  under-running  protect- 
ed type,  this  being  the  standard  adopted  by  the  New  York  Central 
R.  R.  The  rail  is  protected  for  the  greater  part  of  the  distance  by 
lyi  inch  wood  planks  above  the  rail,  and  on  both  sides,  and  part  of 
the  line  has  a  rail  protection  of  indurated  fibre  three-sixteenths  inch 
thick  moulded  to  conform  with  the  rail  section.  The  third  rail  is 
located  between  the  parallel  tracks  except  where  curves,  or  other 
special  conditions  require  it  to  be  transferred  to  other  sides  of  the 
track.  The  company  will  operate  15  closed  cars,  49  feet  long  over 
bumpers,  each  equipped  with  four  75  h.  p.  motors  per  car,  with 
multiple  unit  control. 

Spokane  &  Inland  Ry.  :  This  is  a  single-phase  line  between 
Spokane,  Washington,  and  neighboring  cities,  having  a  total  mile- 
age of  114.  The  capital  invested  in  the  project  is  approximately 
$3,500,000.  The  service  includes  passenger,  mail,  express  and  car- 
load freight.  The  power  is  purchased  from  the  Washington  Water- 
Power  Co.  and  is  delivered  to  the  railway  company  as  three-phase 
60  cycle  current  to  a  frequency  changing  station  10  miles  south  of 
Spokane  This  station  has  four  frequency  changers  each  of  nomi- 
nal 1,000  h.  p.  capacity  which  convert  the  current  to  25  cycle  2,200 
volt  single  phase  current.  For  transmission  to  the  sub-stations  this 
2,200  volt  current  is  stepped  up  to  45,000  volts  and  transmitted  to 
15  sub-stations  where  it  is  stepped  down  to  6,600  volts  for  direct 
connection  to  the  trolley  circuits. 

The  cars  and  locomotives  operate  on  three  different  voltages  at 
different  parts  of  the  line.  In  the  country  6,600  volt  alternating 
current  is  used  and  in  the  smaller  towns  700  volt  alternating  current, 
while  within  the  limits  of  Spokane  600  volt  direct  current  is  used. 
In  the  country  and  through  the  small  towns  a  pantagraph  under-run- 
ning trolley  is  utilized  while  in  Spokane  the  ordinary  under-running 
trolley  wheel,  is  used.  The  passage  from  the  alternating  current  to 
the  direct  current  system  is  done  by  operating  a  commutating 
switch,  which  makes  all  the  necessary  connections,  and  by  chang- 
ing the  trolley  from  the  pantagraph  to  the  wheel  type. 

The  cars  are  equipped  with  four- 100  h.  p.  alternating  current 
motors.  The  locomotive  uses  the  same  type  of  motors  but  have  a 
capacity  of  150  h.  p.  each.  Both  the  locomotives  and  coaches  can 
be  operated  on  the  multiple  unit  system.  The  locomotives  are 
capable  of  handling  seven   standard   freight  cars,   fully  loaded,  at 
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30  miles  per  hour,  on  level  track.  This  locomotive  weighs  49  ions. 
and  has  a  length  over  the  bumpers  of  29  feet. 

EuROPE.\N  Work:  Some  recent  installations  may  be  of  interest. 
Progress  is  being  made  on  the  tunnel  work  under  the  Seine  for  ad- 
ditional lines  to  the  Paris  Metropolitan  Railway.  The  project  for  the 
tunnel  under  the  English  channel  between  Calais  and  Dover  has  ac- 
quired a  new  interest  and  is  a  subject  much  under  discussion.  The 
proposed  tunnels  would  be  18  feet  in  diameter,  the  submarine  por- 
tion being  24  miles  in  length,  with  aproaches  six  miles  in  length, 
and  of  course  would  be  operated  electrically.  This  tunnel  is  de- 
signed to  carry  the  rolling  stock  of  the  principal  European  rail- 
roads. 

The  Simplon  Tunnel :  The  new  electric  locomotive  for  use  in 
the  Simplon  tunnel  is  of  special  interest  as  showing  the  latest  pro- 
gress in  the  design  of  a  locomotive  for  running  upon  a  high  voltage 
three-phase  current.  The  locomotives  are  designed  to  allow  two  nor- 
mal running  speeds  which  are  obtained  by  the  proper  switching  of 
the  circuit.  Power  used  is  from  3,000  volts  three-phase  15  cycle 
circuits  and  provides  the  two  standard  speeds  of  25  and  40  miles  per 
hour.  They  are  designed  to  pull  a  total  load  of  440  tons  including 
the  locomotive,  this  condition  to  hold  good  even  with  reduction  of 
line  pressure  as  low  as  2,700  volts.  The  principal  dimensions  of  the 
locomotive  are  as   follows : 

The  length  over  buffers  is  41  feet.  8  inches;  diameter  of  the  driv- 
ing wheels,  5  feet.  6  inches ;  total  weight  of  locomotive  68  tons,  of 
which  the  mechanical  part  is  37  tons  and  the  electrical  outfit  31  tons. 
The  capacity  in  normal  running  is  900  h.  p.  The  main  controlling 
apparatus  of  the  locomotive  uses  compressed  air  for  operating  the 
reversing  and  other  switches.  A  trolley  is  mounted  on  the  roof  at 
each  end  of  the  locomotive  and  works  against  the  overhead  wire,  the 
design  of  this  trolley  being  a  special  feature  of  this  locomotive. 
The  lower  parts  have  the  form  of  a  parallelogram  which  can  be 
raised  or  lowered  by  air  pressure.  The  upper  arm  which  carries 
the  trolley  contact  is  made  very  short  and  light,  and  has  a  limited 
motion  to  either  side. 

CoNXLUSiox :  From  what  has  been  said  it  can  be  seen  that  rapid 
progress  is  being  made  in  the  application  of  electricity  to  steam  rail- 
roads. Some  installations  have  been  made  on  account  of  the  econ- 
omy in  operation  to  be  efifected,  and  the  increased  earning  capacity 
to  be  gained,  while  others  have  been  made  under  public  pressure. 
With  the  completion  of  the  work  now  under  construction  by  the  Xew 
York  Central  R.  R.  and  the  Xew  York,  Xew  Haven  &  Hartford  R. 
R.  companies  the  steam  locomotive  will  disappear  forever  from  the 
island  of  Manhattan,  and  its  surrounding  territory. 

From  an  examination  of  the  map  of  the  business  district  of  Chi- 
cago, bounded  by  Sixteenth  street.  Halsted  street.  Chicago  avenue, 
and  the  Lake,  it  will  be  seen  that  23 '^  of  this  area  is  occupied  by  the 
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tracks  of  steam  railway  companies.  In  view  of  the  present  state  of 
the  art  of  electric  railroading,  the  right  to  vitiate  the  air  of  our  con- 
gested districts  by  the  emission  of  large  quantities  of  carbon-dioxide 
from  the  stacks  of  numerous  locomotives  is  as  questionable  as  the 
right  to  foul  the  air  by  the  stenches  from  our  stock  yards.  As  there 
is  now  a  possibility  of  the  removal  of  these  yards  from  our  midst, 
is  it  unreasonable  to  hope  that  all  of  the  steam  railroad  companies, 
through  the  wise  foresight  of  their  officers,  may  help  us  to  purify 
and  beautify  the  city,  by  assisting  the  general  movement  now  under 
way  by  our  progressive  civic  bodies  for  this  purpose?  In  my  judg- 
ment at  least  one,  and  probably  three  of  the  companies  now  operat- 
ing in  the  city  of  Chicago  can  afiford  to  and  would  profit  by  the 
electrical  operation  of  their  suburban  trains. 

Note — During  the  address,  a  large  number  of  lantern  slide  views  were 
shown  illustrating  the  various  installations,  locomotives,  cars,  etc.,  to  which 
reference  was  made  by  the  speaker. — Ed. 
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Ititroduction  by  the  Publication  Conunitfce. 

In  all  of  our  draw  bridge  literature,  there  is  nowhere  to  be  found, 
as  the  writer  believes,  a  thorough  discussion  of  the  draw  bridge  as 
a  machine  in  use,  that  is  to  say  from  the  operating  and  maintenance 
standpoint.  Divergent  methods  of  construction  have  grown  up  and 
have  been  developed  on  different  railroads  and  in  different  sections 
of  the  country.  These  have  been  tested  by  experience  and  im- 
proved from  year  to  year;  but  each  for  the  most  part  wdthout  any 
very  critical  comparison  w^ith  other  and  diverse  types  of  construc- 
tion. Each  railroad  and  each  bridge  company,  or  designer  has  for 
the  most  part  followed  its  or  his  ow^n  line  of  development.  The  rail- 
roads d(5  not  have  to  build  these  structures  themselves,  and  the 
bridge  companies  do  not  have  to  maintain  them.  One  is  therefore 
not  surprised  to  see  radical  differences  of  opinion  on  nearly  all 
important  question  of  draw  bridge  design,  and  a  full  discussion 
of  these  questions  from  all  sides  and  angles  must  therefore  be  of 
very  great  value. 

These  papers  and  discussions  were  presented  on  April  i8th  and 
May  i6th,  1906,  and  excited  more  than  usual  interest.  The  ma- 
terial proved  to  be  very  valuable,  coming  as  it  did  from  railroad 
engineers  and  designers,  in  all  parts  of  the  country;  but  the  nature 
of  the  discussions  made  it  impossible  to  give  adequate  presenta- 
tion of  the  subject  without  considerable  rearrangement  and  revis- 
ion. It  was  also  felt  that  material  of  this  kind,  in  order  to  be  of 
practical  value  should  be  classified  by  subject,  and  it  was  therefore 
decided  to  revise  the  entire  discussion  under  certain  headings,  to 
eliminate,  so  far  as  possible,  the  repetitions  and  inaccuracies  inci- 
dent to  verbal  reports,  and  to  ask  each  contributor  to  revise  and 
amplify  his  remarks  as  carefully  and  tlioroughly  as  possible. 

With  this  end  in  view  the  following  letter  was  sent  to  each 
contributor. 

"Gentlemen : 

On  the  i8th  of  April.  1906,  and  the  i6th  of  May  following, 
you  took  part  in  the  presentation  and  discussion  of  a  paper  on 
the  design  of  swing  spans  from  a  maintenance  standpoint. 
A  great  deal  of  very  interesting  and  important  matter  was 
brought  out  in  these  discussions,  but  the  character  of  the  dis- 
cussion was  such  as  fo  make  a  verbatim  report  rather  hard 
to  follow,  and  of  little  value  as  a  reference.  Under  the  circum- 
stances the  Publication  Conmiittee,  and  such  of  those  who 
discussed  the  paper  as  have  been  consulted,   feel  that  the  en- 

1.^ 


14  Discussion — Design  of  Szving  Bridges. 

tire  discussion  should  be  rearranged  and  classified,  so  that 
each  important  question  connected  with  the  design  and  main- 
tenance of  swing  bridges  will  be  covered  by  the  various  au- 
thors completely  and  in  a  connected  manner. 

We  are  intending  to  subdivide  the  discussion  under  the  fol- 
lowing headings : 
I  St. — Character  of  turn  table, — center  bearing,   rim  bearing,. 

combined  center  and  rim  bearing. 

2d. — The   construction   of   turn  table    (all   types,    including- 

machinery  for  hand  operation.) 

3d. — Different  types  of  end  lift. 

4th. — Power  operation. 

5th. — General  questions  of  construction. 

Suggestions  are  asked  from  you  as  to  the  adequacy  of  this 
classification,  and  you  are  also  requested  to  look  over  the  draft 
of  discussion  handed  you  herewith  and  go  over  your  portion 
of  it  carefully,  so  as  to  express  your  ideas  on  the  various  ques- 
tions involved,  whether  the  actual  discussion  in  the  -Society's 
Rooms  covers  the  ground  or  not. 

Kindly  give  this  matter  your  very  prompt  attention,  as  the 
matter  must  be  put  in  shape  for  an  early  issue  of  the  Journal." 

The  matter  in  the  following  pages  is  therefore  presented  more  as 
a  symposium,  than  in  the  regular  form  of  "paper  and  discussion" 
and  the  Committee  sincerely  hopes  that  the  resulting  clearness  of 
statement  and  arrangement  will  justify  the  time  and  labor  devoted 
to  this  work.  Andrews  Allen, 

Chariman,  Publication  Committee. 

C.  H.  Cartlidge,  m.  w.  s.  e. 
Presented  April  18,  ipo6. 

In  looking  over  a  number  of  plans  for  swing  bridges  by  dififerent 
engineers,  the  writer  has  been  struck  by  the  absence  of  provision 
for  certain  functions,  relatively  unimportant,  yet  affecting  both 
the  ease  and  cost  of  maintenance.  A  few  of  these  have  been  noted, 
and  in  the  present  paper  will  be  touched  upon  briefly.  No  attempt 
will  be  made  to  discuss  the  question  of  design  of  draw  spans  in 
a  broad  sense,  either  from  a  mathematical  or  structural  stand- 
point. The  few  points  presented  are  simply  some  of  those  which 
have  arisen  during  the  writer's  experience,  and  they  are  touched 
upon  in  order  to  invite  discussion  of  their  value. 

In  the  designs  which  are  described  here  there  is  little  which  is 
orginal,  but  the  details  have  been  selected  because  of  their  fitness 
for  their  duty,  as  demonstrated  by  our  experience  in  maintaining 
these  and  other  structures. 

A  study  of  various  plans  is  a  profitable  preliminary  to  any  de- 
signing, as  it  is  often  to  be  found  that  existing  conditions  have 
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been  satisfactorily  met.  By  going  over  them  all,  eliminating  such 
details  as  seem  unsuitable,  and  selecting  the  good  ones,  it  is  possible 
to  make  of  the  composite,  a  really  good  design. 

A  choice,  however,  must  often  be  made  between  two  or  more 
apparently  equally  good  details,  and  this  is  true  in  the  case  of  the 
sort  of  center  to  be  employed. 

In  swing  spans,  the  choice  of  the  type  of  bearing  to  be  used  lies 
between  three,  each  of  which  has  its  advocates.  These  mav  be 
classified  as  follows : 

1.  Center  Bearing. 

2.  Rim  Bearing. 

3.  Combined  Center  and  Rim  Bearing. 

(i)  A  center  bearing  turntable,  in  which  all  loads  are  carried 
to  the  pivot,  was  at  one  time  the  most  popular.  As  in  this  case 
there  is  no  drum,  with  its  complicated  stresses  and  doubtful  dis- 
tribution of  the  loads  on  the  wheels,  the  comparative  certainty 
of  the  mathematical  work  appealed  to  designers.  Some  provision 
has  to  be  made,  how^ever,  against  tipping  the  span  while  being 
turned,  and  trucks  running  on  a  circular  track  must  be  connected  to 
the  drums  by  girders  of  considerable  strength,  so  that  the  theoreti- 
cal simplicity  is  not  realized. 

One  great  advantage  which  accrues  to  a  center  bearing  is  that 
of  ease  of  turning,  and  while  everything  is  new  and  in  adjustment 
this  advantage  is  realized.  Should  there  be  any  excessive  wear, 
however,  this  is  soon  lost,  and  it  is  necessary  to  make  bearing 
areas  as  large  as  practicable,  in  order  to  prevent  such  wear. 

(2)  The  complications,  referred  to  above,  involved  by  the  use 
of  a  rim  bearing  center,  are  more  theoretical  than  actual,  as  ex- 
perience with  spans  of  widely  varying  length  has  demonstrated. 
The  drum  should  of  course  be  deep  enough  to  avoid  deflection, 
and  if  there  is  head  room  to  permit  this,  a  rim  bearing  will  be 
found  extremely  satisfactory,  especially  if  the  span  is  of  moderate 
length.  For  spans  up  to  300  ft.  the  writer  usually  employs  this 
style  of  center,  and  one  such  is  shown  in  Figure  i.  This  is  the 
rim  bearing  center  for  the  draw  span  of  the  Illinois  River  Bridge, 
at  Beardstown,  111. 

The  points  seeming  to  the  writer  most  worthy  of  note  as  affect- 
ing the  cost  of  maintenance  will  be  mentioned  in  turn. 

You  will  note  the  depth  to  which  the  pivot  castings  are  sunk 
into  the  concrete  piers.  This  is  an  important  detail,  and  this 
treatment  obviates  a  good  deal  of  trouble  from  loosened  anchor 
bolts  and  consequent  loosening  of  the  pivot.  Much  difificulty  of  this 
sort  has  been  encountered  in  the  past.  A  rigid  pivot,  such  as  this 
anchorage  provides,  permits  much  less  chattering  and  vibration 
when  the  bridge  is  turning  than  one  which  will  allow  of  any  play 
whatever. 

Most  old  draw  spans  were  designed  with  adjustable  radial  rods, 
one  end  of  each  rod  carrying  a  wheel.     These  rods  were  usuallv 
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held  to  spacing  by  light  bars  or  sometimes  light  channels.  There 
have  been  several  cases  in  which  the  binding  of  the  nuts  on  the 
outer  ends  of  the  rods  has  caused  them  to  revolve  with  the  wheels, 
and  the  other  ends  being  held,  the  rods  were  badly  twisted,  some 
even  being  twisted  in  two.  This  trouble  is  entirely  obviated  by 
the  use  of  a  stiff  ring,  of  channels  held  to  gage  by  batten  plates 
between  the  wheels,  and  having  stiff  radial  arms  to  the  pivot.  The 
wheels  run  on  axles,  adjustable  radially,  with  tool  steel  washers 
to  avoid  danger  of  the  nuts  being  turned  by  friction  and  thus  al- 
tering the  adjustment.  In  later  designs  these  washers  have  been 
made  of  bronze,  with  a  greater  reduction  of  this  danger. 

The  simplicity  of  this  turntable  is  very  apparent  when  looking 
at  the  actual  bridge,  and  for  spans  of  about  the  size  and  weight 
of  this  one  is  perfectly  satisfactory. 

Since  this  bridge,  Fig.  i.  has  been  in  service,  there  has  been  no 
difficulty  with  it.  of  any  character.  The  only  expense  has  been  for 
oiling  and  keeping  the  pivot  pier  clean. 

The  writer's  experience  with  center  bearing  draw  spans  has 
been  such  as  to  prejudice  him  against  them  for  spans  of  any  magni- 
tude. It  seems  to  be  difficult  at  any  reasonable  cost  to  proportion 
the  pivot  bearing  so  that  it  will  not  wear,  and  any  wear  on  a  pivot 
bearing  is  expensive  to  repair.  On  one  draw  the  wearing  away  of 
the  bronze  bearing  in  the  pivot  allowed  the  upper  and  lower  cast- 
ings to  rub,  making  the  turning  of  the  draw  a  very  noisy  opera- 
tion, while  the  few  vvheels  provided  to  steady  the  span  while  turn- 
ing were  overloaded  and  cut  the  circular  track  badly. 

The  design  which,  for  ease  of  operation  and  repair  and  low 
maintenance  cost  has  proven  to  be  quite  satisfactory,  is  shown 
in  the  next  drawing,  Fig.  2.  This  is  the  center  for  the  single 
track  draw  span  over  the  St.  Croix  River,  near  Prescott,  W'is. 
The  span  is  368  ft.  and  is  designed  to  carry  a  uniform  train  load  of 
7,000  lbs.  per  foot,  so  that  it  is  quite  heavy.  The  beams  bearing 
on  the  center  casting  are  designed  to  carry  one  half  the  dead  load 
to  the  casting.  The  adjustment  of  the  load  is  by  means  of  shim 
plates  between  the  beams  and  the  top  of  the  pivot.  The  adjust- 
ment is  made  during  erection,  the  beams  first  being  allowed  to 
rest  on  the  rollers  with  the  center  casting  clear.  The  center  is  then 
jacked  up  until  the  drum  just  clears  the  wheels.  After  noting  the 
amount  of  the  lift,  shims  to  half  its  amount  are  put  in  and  the 
beams  lowered  to  permanent  bearing.  This  is  of  course  only  an  ap- 
proximate method. 

Attention  is  directed  to  the  depth  to  which  the  center  bearing 
is  .sunk  into  the  masonry  in  this  design  also. 

A  number  of  spans  have  been  built  with  center  bearings  of  cone 
shaped  rollers.  The  writer  has  had  to  maintain  some  of  these, 
though  at  this  writing  all  have  been  replaced. 

The  experience  gained  in  the  maintenance  of  these  conical  roller 
centers  has  led  to  the  design  shown,  involving  lenses  of  steel  and 
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bronze.  The  cone  rollers  were  found  to  wear  unevenly,  some  of 
them  never  rolled,  but  slid  on  the  bearings,  although  they  were 
oiled  and  cleaned  yearly.  It  is  hardly  necessary  to  point  out  the 
expensive  nature  of  the  work  of  taking  out  and  cleaning  these 
rollers.  The  bearing  adopted  has  no  such  defect.  The  resistance 
to  turning  is  theoretically  greater,  but  it  is  a  simple  matter  to  pro- 
vide the  necessary  additional  horsepower  in  the  engine,  and  at  a 
cost  much  less  for  capital  and  interest  than  the  cost  of  maintenance 
of  the  cone  roller  bearings,  to  say  nothing  of  the  freedom  from 
trouble. 

An  oil  hole  is  drilled  through  the  saddle  casting  and  the  two 
upper  lenses ;  a  pipe  running  to  the  bridge  floor  is  tapped  into  this 
and  is  capped  with  an  oil  cup.  so  that  the  bearing  is  constantly  lu- 
bricated. As  all  parts  of  the  bearing  are  made  to  a  close  working 
fit  no  dust  can  enter.  These  provisions  for  lubrication  and  for 
protection  against  dust  are  quite  as  important  to  the  maintenance 
department  as  any  structural  provision,  and  they  are  points  most 
frequently  overlooked.  In  this  connection  the  three  oil  holes  in 
the  hubs  of  the  rim-wheels  are  worth  notice,  as  it  is  possible  for 
the  oiler  to  lubricate  the  axle  no  matter  what  the  position  of  the 
wheel.  As  it  is  generally  very  much  easier  not  to  oil  these  wheels, 
than  to  do  so,  it  is  just  as  well  to  make  the  process  as  easy  as 
possible. 

The  next  drawing,  Fig.  3,  sho.vs  the  details  of  the  end  lifting 
device  for  the  St.  Croix  bridge.  This  is  typical  of  practically  all 
such  devices  in  use  on  the  C,  B.  &  O.  Ry.,  but  it  differs  in  some 
few  details  from  the  first  ones  built  of  similar  design. 

The  necessity  for  an  efficient  end  lifting  apparatus  is  apparent 
to  every  designer  and  the  writer's  experience  with  wedges  has  led 
him  to  the  conclusion  that  the  difficulties  in  the  way  of  getting 
adequate  lift  with  them  are  too  great.  It  is  very  likely  that  if  the 
power  of  the  engines  had  been  greater  there  would  have  been  no 
great  difficulty,  but  it  was  found  in  practice  that  when  the  pedes- 
tals were  set  at  an  elevation  required  to  give  the  desired  lift  the 
weds^es  could  not  be  driven.  \\'hcn  they  were  adjusted  to  such  a 
height  as  to  allow  of  the  wedges  being  driven,  there  was  no  reac- 
tion with  a  heav}'  train  on  the  opposite  arm  of  the  span.  The  end 
lift  shown  has  not  failed  to  provide  all  required  uplift  and  as  its 
construction  is  such  that  its  maximum  efficiency  of  thrust  is  reached 
at  the  time  of  maximum  load  it  is  very  easily  handled.  It  is,  of 
course,  not  in  the  least  degree  novel,  but  there  are  some  features 
which  are,  so  far  as  the  writer  is  aware. 

In  the  earlier  forms  of  end-lifts  the  nut  traveling  on  the  hori- 
zontal screw  was  of  steel,  unbushed.  At  times  of  heavy  duty,  when 
a  warn  dav  caused  the  draw  to  deflect,  this  nut  would  sometimes 
become  welded  to  the  screw.  Bushing  with  phosphor  bronze  has 
stopped  this  entirely.  The  vertical  links  which  are  under  the 
chord  end  are  beveled  on  the  lower  end  to  engage  a  similarly  bev- 
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eled  surface  on  the  casting-.  When  they  are  in  position  they  form 
a  positive  lock  for  the  span  and  serve  to  bring-  it  to  exact  Hne, — 
a  very  difficult  thing  to  do  by  means  of  the  turning  gear  alone. 
The  upper  surfaces  of  these  links  bear  against  the  steel  casting 
which  is  riveted  to  the  lower  chord.  As  the  upper  pinholes  in  the 
links  are  made  considerably  larger  than  the  pin  the  latter  is  not 
called  upon  to  take  any  load  while  the  lift  is  in  action. 

The  connection  of  the  two  base  castings  by  plates  and  angles  is 
very  necessary  as  it  relieves  the  anchor  bolts  of  the  horizontal 
components  of  the  lifting  thrust. 

The  rail-lift  illustrated  has,  the  writer  believes,  first  employed 
by  the  late  Geo.  S.  Morrison.  The  lifting  rod  is  cut,  and  the  lower 
half  free  to  follow  the  lever  down  as  the  span  is  lifted,  until  the 
operation  is  nearly  complete,  when  a  projection  on  the  lower  rod 
trips  the  trigger  holding  the  upper  half,  with  the  result  that  the  rails 
fall  with  a  jar  sufficient  to  drive  them  into  place  without  further 
adjustment.  The  action  of  the  combined  apparatus,  in  first  cen- 
tering the  ends,  then  lifting  them  and  finally  dropping  the  rails, 
is  found  to  work  admirably.  While  the  rail-lift  looks  somewhat 
complicated  there  has  been  no  difficulty  with  any  which  we  have 
in  use. 

A  general  view  of  this  St.  Croix  River  Bridge — reproduced 
from  a  photograph  is  shown  in  Fig.  4. 


Fie.  4. 


There  are  certain  details  of  design  of  the  structural  part  of 
draw  spans  which  affect  the  question  of  maintenance  to  a  consid- 
erable extent,  and  of  which  little  or  no  mention  is  made  in  text 
books.     It  may  be  laid  down  as  a  general  rule,  that  there  should 
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be  absolutely  no  adjustable  members  in  ilie  trusses.  All  parts 
subject  to  complete  reversal  of  stress,  should  be  stifif  members  and 
have,  as  far  as  poisible,  riveted  connections.  No  pin  connections 
should  be  employtd  save  for  eye  bar  members.  This  is  particu- 
larly true  of  the  connection  between  the  end  of  the  lower  chord  and 
the  foot  cf  the  end  post.  The  constant  reversal  of  stress  at  this 
point,  due  to  lifting  and  lowering  the  ends  of  the  draw,  very  .-:.jon 
develops  serious  wear  on  pins  and  pin  holes.  With  a  properly  de- 
signed riveted  connection,  no  play  being  possible,  there  will  be  no 
difficulty. 

In  draw  span  design,  perhaps  to  a  greater  degree  than  in  any 
other,  simplicity  and  rigidity  are  the  prime  requisites  to  economical 
operation  and  maintenance. 

Discussion. 

no.  i.  character  of  turntable;  center  bearing,  ri.m  bearing, 
combined  center  and  rim  bearing. 

Mr.  Jl\  H.  Finley:  Consideration  of  the  turntable  brings  up  the 
question  of  center  bearing,  rim  bearing,  or  combined  center  and 
rim  bearing.  All  of  these  methods  have  been  used  from  the  earl- 
iest times  and  each  still  has  its  advocates.  From  my  own  expe- 
rience I  prefer  the  combined  center  and  rim  bearing,  where  the 
(li;.tribution  of  pressure  is  positive  between  the  two.  In  Fig.  5  is 
indicated  the  method  employed  in  distributing  the  pressure  between 
the  center  and  rim  in  the  356  ft.  single  track  swing  span  over  the 
}ilississippi  river  at  Winona,  ^Nlinn..  built  in  1889.  One  objection 
to  the  method  shown,  is  the  large  center  pier  that  is  required.  In 
this  particular  case  the  center  pier  was  in  existence,  and  advantage 
of  this  fact  was  taken  in  designing  the  drum 

In  Fig.  6,  is  an  elevation  and  plan  of  a  230  ft.  double  track  swing 
span  carrying  the  Chicago  and  Xorth-Western  Railway  over  Kin- 
nickinnic  river,  Milwaukee,  and  was  built  in  the  winter  of  1898-9. 
The  turntable  in  this  case  is  a  square  box  (A-B)  with  corner  gird- 
ers (C).  This  avoids  the  circular  drum  and  permits  a  minimum 
diameter  of  center  pier ;  it  also  admits  of  designing  a  satisfactory 
turntable  with  much  less  distance  from  the  base  of  rail  to  masonry 
than  is  possible  with  a  circular  drum.  Part  of  the  weight  is  car- 
ried to  the  center  pivot  by  the  cross  girder  (D-D).  These  girders 
were  jacked  up  at  the  center  until  a  definite  amount  of  weight  was 
transferred  from  the  truss  points,  and  the  shims  were  inserted 
between  the  cross  girders  and  the  center  pivot  bearing.  This  is 
somewhat  similar  to  the  method  olitained  by  Mr.  Cartlidge  in  his 
St.  Croix  river  swing  span.  Although  the  box  form  of  turntable 
used  on  the  Kinnickinnic  swing  span  is  somewhat  novel,  yet  it  has 
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given  most  excellent  satisfaction,  the  bearing  of  the  tread  wheels 
being  all  that  could  be  desired. 

I  am  aware  that  a  number  of  very  large  and  heavy  center-hear- 
ing swing  bridges  have  been  built  in  recent  years,  and  are  reported 
as  giving  very  good  satisfaction,  yet  I  cannot  think  of  any  advan- 
tage tlu-N  liave  over  the  combined  center  and  rim  bearing  tvpe, 
other  than  ease  in  turning,  which  I  think  is  more  than  offset  by  the 
balance  wheels  that  are  required  to  steady  the  span  while  switiging. 

Our  eastern  friends  are  building  center-bearing  bridges,  and  of 
course  I  know  that  they  think  that  nothing  good  comes  out  of  the 
west.  But  with  the  center  bearing,  nothing  new  has  been  used. 
As  one  of  the  earliest  types,  I  believe  the  Port  Adelaide  swing  bridge 
in  Australia,  designed  by  C.  Shaler  Smith,  had  a  center  bearing,  and 
was  built  about  twenty-six  years  ago.  It  consisted  essentially  of 
a  center  bearing — "Sellers  center" — with  balance  wheels  as  used 
on  the  various  types  shown  here  tonight.  Center-bearing  swing 
bridges  are  nothing  but  locomotive  turntables  of  larger  growth. 

From  my  experience  I  believe  that  the  combined  center  and  rim 
bearing  will  give  better  satisfaction  than  any  other  type. 

Mr  Albert  Reichmmui:  The  American  Bridge  Company  has 
built  quite  a  nvimber  of  very  large  and  heavy  center-bearing  swing 
bridges.  Most  of  the  troubles  of  center  bearings  are  due  to  faulty 
design  or  materials.  I  think  a  center-bearing  swing  bridge  up  to 
at  least  200  ft.  is  cheaper  than  any  other  arrangement,  and  gives 
as  good  service.  There  is  no  reason  why  they  should  get  out  of  re- 
pair, and  if  repairs  are  necessary,  the  details  should  be  so  designed 
that  these  repairs  can  be  readily  made.  It  is  purely  a  question  of 
design.  I  think,  however,  I  personally  prefer  a  combined  rim  and 
center-bearing  swing-span. 

Mr.  A.  F.  Robinson:  In  reference  to  the  question  of  rim  or  cen- 
ter bearings  on  the  swnng  bridges,  of  the  Santa  Fe  System,  the  old 
Detroit  Brir'ge  Co.  built  a  good  many  such  bridges.  One  of  the 
ideas  in  their  design  was  to  obtain  a  span  that  would  swing  as  eas- 
ily as  possible,  and  one  which  would  not  shake  or  vibrate  under 
traffic  any  more  than  is  absolutely  necessary.  When  they  were  left 
to  their  ow^n  judgment  in  the  design,  they  usually  adopted  a  com- 
"bination  between  the  rim  and  center  bearing.  In  our  own  prac- 
tice on  the  A.  T.  &  S.  F.  Ry.  system  we  use  for  short  spans  a 
plain  center  bearing.  Where  the  span  reaches  a  length  of  about 
300  ft.,  whether  for  single  or  double  track,  we  have  used  a  com- 
bination of  rim  and  center  bearing  so  arranged  that  if  it  were  nec- 
essary we  could  throw  practically  the  entire  load  from  the  rim 
to  the  center,  or  vice  versa,  for  a  short  time  or  during  the  passage 
of  a  few-  trains.  I  prefer  a  swing  bridge  with  a  good  many  bearing 
wheels.  It  swings  more  steadily,  and  even  under  traffic 
is  more  steady  than  the  single  pivot  bearing.  If  I  were  designing 
for  a  pivot  hearing  entirely,  I  think  I  should  put  in  almost  as  many 
balance    wheels    as    though    I    were    going  to  use  a  rim  bearing. 
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When  center  Avedges  are  used,  they  reheve  the  center  pivot  of  all 
Hve  lead  and  shock  so  that  the  pivot  does  not  have  to  stand  anything- 
but  the  static  load  of  the  bridge,  and  the  girders  each  have  a  sep- 
arate center  support. 

Mr.  C.  F.  Lozi'cth:  The  writer  is  of  the  opinion  that  it  is  im- 
possible to  make  satisfactory  swing  bridges  with  either  a  center- 
bearing  or  rim-bearing  turntable,  and  that  the  choice  should  de- 
pend on  the  conditions  for  each  case,  and  this  may  not  infrequently 
vary  within  quite  wide  limits.  ]\Iany  swing  spans  carrying  heavy 
traffic  are  rarely  opened,  while  others  are  frequently  opened,  and  ' 
in  still  others  the  traffic  over  the  bridge  is  light,  and  there  are 
cases  where  very  long  swing  spans  are  required  by  Federal  author- 
ities, tut  which  are  rarely,  and  some  times  never,  opened ;  also, 
there  are  other  bridges  which  are  always  closed  for  several  months 
each  year.  This  illustrates  how  the  question  of  ease  of  operation 
of  the  bridge  may  or  may  not  be  a  matter  of  prime  importance. 
The  writer  believes  that  general  consideration  should  first  be  paid 
to  having  a  thoroughly  rigid  and  otherwise  satisfactory  struc- 
ture for  the  traffic  passing  over  it. 

The  writer's  preference  and  practice,  stated  in  general,  is  for 
center  bearings  for  short  spans  up  to  about  two  hundred  ft.  in 
length,  and  rim-bearing  turntables  for  longer  spans.  He  has  no 
use  for  combined  center  and  rim-bearihg  swing  spans. 

Long  spans,  for  economy,  must  have  a  considerable  height  of 
truss  at  the  center,  and  on  this  account  it  is  necessary  to  have  a 
correspondingly  wide  base,  in  order  that  the  structure  may  have 
the  desired  stability  under  all  conditions.  A  rim-bearing  turntable 
probably  meets  this  condition  more  easily  and  fully,  all  things  con- 
sidered, than  is  possible  with  a  center-bearing  table. 

The  writer  dees  not  agree  with  the  view  of  some  that  a  center- 
bearing  table  is  preferable  because  it  admits  of  a  smaller  center 
pier.  This  may  be  true  for  short  spans  and  low  piers,  but  there 
are  certain  proportions  in  the  bottom  diniensions  of  a  center  pier 
which  are  necessary  for  the  desired  stability  of  the  structure  as  a 
whole,  and  these  should  be  provided  for.  independently  of  the 
character  of  the  turntable. 

Mr.  Andrews  AUcu:  It  seems  to  me  that  the  question  between 
center  and  rim  bearings  must  be  considered  on  the  basis  of  first  cost 
as  well  as  maintenance.  As  to  first  cost,  there  is  no  question  but 
that  deck  plate-girder  center-bearing  swing  spans  are  much  cheaper 
than  rim  bearing:  also  that  they  require  smaller  pivot  piers  and  less 
height  from  base  of  rail  to  masonry.  There  is  not  so  much  diiTer- 
ence  in  the  cost  of  through  plate-girder  swing  spans  of  rim  or  cen- 
ter-b'earing  construction,  and  the  difference  is  still  in  favor  of  the 
center  bearing.  The  pier,  however,  is  only  slightly  smaller  in  the 
ce  -ter  hearing  than  in  the  rim  hearing,  but  the  difference  in  height 
is  still  very  great.  It  must  be  borne  in  mind  that  the  diameter  of 
the  center  pier  is  a  very  important  matter,  as  if  usually  fixes,  to  a 
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large  extent,  the  leng-th  of  span  on  which  depciuls  the  clear  opening 
for  navigation. 

The  difference  in  cost  between  center  and  rim  bearings  seems 
to  decrease  with  the  length  of  truss  spans.  I  have  made  compara- 
ti\e  figures  tetween  a  224  ft.  single  track  through  rim-bearing 
swing  span  and  a  220  ft.  center-bearing  swing  span  designed  for 
the  same  clear  oiening  under  ''Frisco''  specifications  for  "Cooper 
E-45''  loading.  The  pound  price  figured  exactly  five  cents  in  each 
instance,  but  the  difference  in  weight  was  alx)ut  10  per  cent  in 
favor  of  the  center  hearing.  The  actual  bidding  prices  were  '^22,- 
830  for  the  cen'er  bearing,  and  824,850  for  the  rim  bearing,  and 
which  was  actually  built  against  our  recommendation,  however. 
The  cuts  show  the  stress  sheets  of  these  two  designs.  The  rim 
bearing  is  of  the  simplest  type,  such  as  was  frequently  used  by  the 
late  George  S.  Morison.  and  the  drum  is  deep,  with  the  trusses 
renting  directly  on  it  and  giving  a  four  point  bearing.  A  combined 
center  and  rim-bearing  turntable,  would  have  been  more  expensive 
than  either  of  the  above.     See  Fig.  7  and  Fig.  8. 

The  next  illustration  Fig.  9  shows  the  combined  rim  and  center- 
btar'ng  turr.table  of  the  360  ft.  single  track  through  draw  span  for 
the  Indiana,  Illinois  and  Iowa  Railway  at  Marquette,  Illinois.  This 
was  a  combined  center  and  rim  turntable  en  the  old  Detroit  plan, 
giving  an  eight  point  bearing  on  the  drum  and  distributing  the  load 
between  the  center  and  rim  by  means  of  levers. 

The  accompanying  cut,  Fig.  10,  will  show  designs  for  center- 
bearing,  plate  girder  swing  spans.  Use  is  made  of  a  wedge  or 
similar  lift  under  the  center  of  the  girder.  This  center  lift  is 
driven  to  a  firm  hearing  only,  and  generally  has  a  spiral  spring 
inside  of  the  wedge  to  insure  its  bearing,  in  case  the  end  wedges 
^  e?"  diff"erentlv.  W'e  alwa\s  use  from  six  to  eight  balance  wheels 
and  find  no  difficulty  in  maintaining  the  stability  of  the  span. 
There  is,  however,  considerable  vertical  movement  of  the  ends 
while  the  span  is  turning,  this  being  due  to  the  clearance  between 
the  balance  wheels  and  the  track.  The  writer  has  observed  about 
5^-in.  vertical  teetering  on  a  210  ft.  through  center-bearing  swing 
span.  This  teetering  does  no  harm,  but  must  be  provifled  for  in 
de'igring  the  end  lift. 

The  center-bearing  swing  span,  when  wedges  are  driven  at  the 
center  is  certainly  as  satisfactory  as  a  rim-bearing  span  under 
passage  of  trains ;  it  turns  more  easily  than  the  rim-bearjng  de- 
sign, and,  up  to  moderate  lengths  at  least,  is  sufficiently  stable  while 
turning.  It  has  less  parts  and  those  parts  are  simpler  than  the 
corresponding  parts  of  a  rim-bearing  span.  The  writer's  prefer- 
ence is,  therefore,  for  the  center-bearing  span  up  to  lengths  as  will 
show  sufficient  stability  while  turning,  and  a  lower  first  cost,  and 
he  would  not  hesitate  to  use  the  center-bearing  type  for  single 
track  spans,  up  to  300  ft. 

Mr.  C.  C.  Schneider:     The  writer  takes  exception  to  some  of  the 
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Statements  made  by  the  author  in  reference  to  center-bearing  turn- 
tables, as  they  do  not  agree  with  his  own  experience  with  the  mod- 
ern type  designed  in  accordance  with  good  practice.  The  pivot, 
for  instance,  shown  in  Fig.  2,  used  on  a  bridge  over  St.  Croix 
river,  is  not  designed  in  accordance  with  the  writer's  ideas  of  good 
practice.  The  connections  between  the  pivot  and  trusses  should 
be  adjustable  as  to  height,  and  should  be  so  designed  that  the  discs 
can  be  taken  out  and  examined,  and  new  ones  inserted  if  necessary 
while  the  bridge  is  not  in  operation  and  without  interfering  with 
the  traffic  over  the  bridge.  This  can  te  accomplished  by  an  ar- 
rangement similar  to  that  shown  by  Figs,  ii  and  12,  showing  de- 
tails of  bridge  over  Bavou  des  Glaises  built  for  the  S.  &  R.  Riv. 
Val.  R.  R. 

The  experience  of  the  railroads  who  have  had  properly  con- 
structed center  bearing  turntables  in  operation  for  the  last  fifteen 
years  or  more,  such  as  the  Pennsylvania  R.  R.  and  many  others,  is 
that  the  center-bearing  turntables  of  the  modern  kind  have  given 
less  trouble  and  are  cheaper  to  maintain  than  the  best  types  of  rim- 
bearing  turntables.  In  fact  the  center-bearing  turntable  has  proved 
so  satisfactory  that  practically  all  railroads  who  have  used  them 
once  have  used  them  ever  since,  and  wherever  a  swing  bridge  with 
a  rim-bearing  turntable  had  to  he  renewed,  it  w'as  replaced  by  one 
of  the  center-bearing  type. 

A  swing  bridge  is  composed  of  two  parts ;  the  static  structure, 
carrying  the  traffic,  and  the  machinery.  While  the  bridge  is  closed 
and  carries  the  traffic  of  the  railroad  it  should  be  as  near  as  possible 
a  static  permanent  structure.  This  condition  can  only  be  realized 
if  the  bridge  rests  on  solid,  substantial  supports,  but  not  if  it  is 
supported  on  wheels.  For  good  substantial  supports  nothing  is 
equal  to  wedges  as  they  are  the  nearest  approach  to  bolsters  or  bed 
plates  of  fixed  spans. 

The  principal  advantages  of  the  center-bearing  over  the  rim- 
bearing  turntable  are: 

First :     Economy  in  first  cost. 
Second  :     Economy  of  maintenance. 
Third :     Greater   stability. 

Economy  in  first  cost:  The  most  costly  piece  of  structural  work 
in  a  rim-bearing  turntable  is  the  drum.  In  a  center-bearing  turn- 
table a  pair  of  plain  riveted  girders  are  used  in  its  place.  There  is 
no  ambiguity  of  strains  in  these  girders  and  the  cost  of  shop  work 
is  equal  to  that  of  ordinary  plate  girder  work.  In  place  of  the 
great  number  of  heavy  rollers  and  heavy  track  segment  in  the  rim- 
bearing  table  which  must  be  accurately  finished,  eight  light  trailing 
wheels  with  one  comparatively  light  lower  track  "are  used  in  the 
center-bearing  turntable.  The  trailing  wheels  and  track  carry 
no  load  except  wind  and  are  used  only  to  balance  the  bridge  while 
swinging.     The  only  part  of  a  center-bearing  turntable  which  is 
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more  expensive  than  the  corresponding-  part  of  a  rini-bcarini[^  turn- 
table is  the  pivot.  The  operating  machinery  required  in  both  cases 
is  practically  the  same,  although  it  takes  considerable  less  power  to 
turn  a  bridge  with  center  bearing  than  one  with  rim  bearing. 

Economy  of  maintenance:  The  structural  part  of  the  bridge 
with  center  bearing,  being  apart  and  distinct  from  the  moving  por- 
tions of  the  bridge,  requires  no  m.ore  care  than  any  other  permanent 
structures  designed  in  accordance  with  good  practice.  The  mov- 
ing parts  and  the  machinery  of  a  swing  bridge  are  the  pieces  that 
wear  out  and  have  to  be  repaired  or  renewed  once  in  a  while.  In 
a  center-bearing  turntable  the  discs  of  the  pivot  are  about  the  only 
pieces  besides  the  machinery  that  wear  out  and  have  to  be  renewed. 

Another  advantage  in  the  maintenance  of  the  center-bearing  over 
the  rim-bearing  turntable  is,  that  the  former  is  not  materially  af- 
fected by  any  settlement  of  the  masonry,  as  the  height  of  the  bridge 
can  be  adjusted,  as  well  as  the  trailing  wheels  and  the  wedges  sup- 
porting the  bridge. 

The  reason  why  the  swing  bridge  with  center-bearing  turntable 
has  more  stability  has  already  been  explained.  Another  advantage 
the  center-bearing  turntable  has  over  the  rim-bearing  turntable  is 
that  it  requires  less  height  from  top  of  masonry,  to  base  of  rail, 
,which  in  some  cases  is  of  the  utmost  importance  in  keeping  the 
track  above  water. 

In  my  opinion  the  center-bearing  type  of  turntable  should  prefer- 
ably be  used  wherever  practicable,  and  can  be  recommended  for 
single  track  bridges  up  to  500  ft.  and  for  double  track  bridges  up  to 
400  ft.  span. 

Center-bearing  turntables  should  be  designed  so  that  the  entire 
dead  load  of  the  bridge  is  carried  on  a  center  pivot  w^hen  the  bridge 
is  swinging,  but  w^hen  the  bridge  is  closed  the  trusses  should  rest 
at  the  center  on  wedges  or  other  substantial  supports.  These  sup- 
ports must  be  strong  enough  to  resist  the  reaction  resulting  from  the 
live  load  and  impact  of  the  train.  Trailing  wheels  running  on  a 
circular  rack  should  be  provided  for  the  purpose  of  balancing  the 
bridge  and  to  carry  the  wind  strains  to  the  track  while  sw^inging. 
The  center  pivot  as  well  as  the  trailing  wheels  should  be  adjust- 
able as  to  height.  The  center  pivot  should  be  so  designed  that  the 
discs  can  be  taken  out,  examined  and  replaced,  when  the  bridge  is 
not  in  operation  without  interfering  with  the  railroad  traffic. 

Mr.  F.  C.  Knna.  (read  by  R.  E.  Belknap)  :  The  author's  ar- 
rangement of  the  center  deep  in  the  masonry  (Fig.  2).  is  very  com- 
mendable, as  it  will  "fix"  the  center  of  the  turntable  :  but,  if  it  is 
advisable  to  have  a  fixed  center,  as  in  Fig.  i.  up  to  300  ft.  spans, 
and  a  fixed  center  carrying  half  of  the  dead  load,  as  in  Fig.  2.  for 
spans  over  300  feet,  why  not  carry  all  the  dead  load  in  the  centre, 
making  the  centre  "fixed,"  without  the  disadvantage  of  interfer- 
ence w^ith  the  construction  of  the  masonry,  as  in  Figs,  i  and  2. 

In  rim-bearing  swing  spans,  the  drum  is  seldom  sufficiently  deep 
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to  distribute  uniformly  among-  the  rollers  the  whole  weight  of  the 
span,  which  will  cause  an  uneven  wearing  of  the  rollers,  especially 
if  combined  with  a  settlement  of  the  pivot  pier.  This  uneven 
wearing,  once  started,  will  progress  so  fast  that  it  is  only  a  ques- 
tion of  time  when  it  will  cause  serious  trouble.  It  seems  to  us  that 
the  same  objection  which  the  author  expresses  against  the  use  of 
a  center  bearing  with  conical  rollers,  'as  uneven  wearing,  sliding, 
costly  taking  out,  etc.,  applies,  to  a  great  extent  also,  to  a  rim-bear- 
ing turntable.  Our  experience  with  rim-bearing  swing  bridges 
which  have  been  in  service  a  few  years  has  convinced  us  that  there 
are  always  some  rollers  which  do  not  get  their  share  of  the  load, 
some  even  not  bearing  at  all,  whatever  the  cause  in  each  particular 
case  may  be. 

The  objection  the  author  has  against  the  usual  center  bearing  is 
the  wearing  cf  the  discs;  that  seems  to  us  rather  a  question  of  ma- 
terial and  allowable  working  pressure  than  of  the  disadvantage  of 
center  bearing.  The  author,  himself,  in  Fig.  2,  uses  a  phosphor- 
bronze  disc  between  steel  discs,  and  it  would  be  interesting  to  know 
how  much  working  pressure  he  allows  per  square  inch.  Several 
years  ago,  when  phosphor  bronze  was  a  very  poor  material, 
"flowing"  under  a  pressure  of  less  than  6,000  lbs.  per  sq.  in.,  some 
railroad  companies  used  steel  also  for  the  center  disc  of  center-bear- 
ing swing  bridges  and  turntables,  which,  however,  increased  the 
friction  and  caused  cutting.  The  phosphor  bronze  of  today  has  an 
elastic  limit  of  not  less  than  20,000  lbs.  per  sq.  in.,  and  the  working 
pressure  usually  allowed  is  about  3,000  lbs.  per  sq.  in.  of  disc  when 
the  bridge  is  swinging.  For  smaller  discs,  where  the  lubrication 
is  comparatively  more  profuse  than  in  the  case  of  larger  discs,  a 
higher  figure  can  safely  be  used,  as  is  done  in  locomotive  turntables 
with  disc  bearing.  The  noise  which  is  sometimes  noticeable  when 
turning  new  center-bearing  swing  bridges  usuallv  ceases  after 
everything  has  a  proper  bearing  and  is  of  no  further  consequence. 
And  should  a  replacing  of  the  disc  be  desirable,  after  a  service  of 
say,  twenty  years,  it  certainly  is  an  easy  operation,  if  the  center  is 
properly  designed,  and  this  can  be  done  without  interrupting  the 
traffic  over  the  bridge,  while,  on  the  other  hand,  the  replacing  of 
a  roller  in  a  rim  bearing  will  undoubtedly  be  more  troublesome. 
The  author  states  that  he  found  some  balance  wheels  over-loaded 
and  cutting  the  circular  track.  This  does  not  need  to  happen  if 
the  wheels  are  adjustable. 

The  Pennsylvania  Steel  Company  have  at  present  in  their  shops 
at  Steelton  the  following  swing  bridges  in  process  of  manufacture : 

1  Bridge.  Single  Track,  Plate  Girders,  136  ft.  long,  with  center 
bearing. 

2  Bridges,  Double  Track,  Plate  Girders,  74  ft.  long,  (Uneven 
Arms)   with  center  bearing.       * 

I  Bridge,  Double  Track,  Plate  Girders.  106  ft.  long,  with  cen- 
ter bearing. 


I 


Riveted 

Trusses, 

250   ft. 

long, 

with 

Riveted 

Trusses, 

200   ft. 

long, 

with 

Riveted 

Trusses. 

^27   ft. 

long, 

with 
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I  Bridge.  Single  Track.  Riveted  Trusses,  257  ft.  long,  Combi- 
nation of  center  and  rim  bearing. 

I  Bridge,  Single  Track,  Riveted  Trusses,  314  ft.  long.  Combi- 
nation of  center  and  rim  bearing. 

1  Bridge.  Single  Track.  Plate  Girders,  87  ft.  long,  (Lneven 
Arms)   with  center  bearing. 

2  Bridges,    Single   Track, 
center  bearing. 

1    Bridge,    Single    Track, 
center  bearing. 

I    Bridge,    Double   Track, 
center  bearing. 

The  last  named  bridge  is  for  a  large  eastern  railroad  with  ver\' 
heavy  traffic,  and  will  he  the  heaviest  drawbridge  with  center 
bearing  in  existence.  This  bridge  will  have  a  phosphor-bronze  disc 
of  33  in.  diameter  between  hardened  steel  discs.  From  this  table 
it  would  seem  that  the  popularity  of  center-bearing  swing  bridges 
is  rather  increasing. 

Properly  designed  center-bearing  swing  bridges  with  wedges 
at  the  pivot  pier  to  take  the  live  load  reaction  when  the  bridge  is 
closed,  with  a  sufficient  number  of  adjustable  balance  wheels  and 
with  wedge  lifts,  have  given,  in  our  experience,  perfectly  satisfac- 
tory service,  probably  just  on  account  of  their  simplicity,  which  the 
author  rightly  calls  one  of  '"the  prim.e  requisites  to  economical  op- 
eration and  maintenance." 

Mr.  C.  L.  Strohel:  The  writer  would  endorse  the  author's  con- 
clusion that  center-bearing  turntables  for  swing  bridges  do  not 
offer  practical  advantages  over  rim  bearing,  and  they  are  also  more 
expensive  for  the  longer  spans. 

Mr.  J.  ]]\  Schaub:  The  strictures  placed  by  the  author  on  center- 
bearing  swing  spans  is  hardly  in  keeping  with  the  present  practice, 
and  it  is  not  in  accord  with  the  results  obtained  in  operating  such 
spans  for  a  number  of  years. 

Center-bearing  swing  spans  are  not  only  cheaper  to  build,  but 
are  also  cheaper  to  maintain  and  easier  to  operate.  Moreover, 
owing  to  the  small  depth  required,  between  the  base  of  rail  and  top 
of  pier,  this  form  of  bridge  lends  itself  more  readily  where  this 
distance  is  limited,  and  where  it  is  desirable  to  keep  the  top  of  the 
center  pier  well  above  extreme  high  water.  It  is  only  in  such  cases 
as  for  double  track  spans,  or  such  spans  where  the  width  of  road- 
way is  very  large,  that  the  center-bearing  type  of  bridge  becomes 
impracticable  owing  to  the  great  depth  required  for  the  cross  gird- 
ers directly  over  the  pivot.  However,  this  does  not  appear  until 
the  spans  for  double  track  exceed  say  400  feet,  and  for  single  track 
bridges  it  is  doubtful  if  this  limit  is  reached  under  550  feet.  Here- 
tofore, the  difificulty  in  providing  an  adjustment  for  the  center  piv- 
ot, which  would  be  practicable  for  very  long  spans,  is  now  over- 
come by   simplv   throwing  the   adjustment   into   the   side  bearings. 
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which  heretofore  have  been  made  immovable.  Also,  by  making  the 
side  bearings  adjustable  the  wedges  are  entirely  eliminated,  thereby 
simplifying  the  operating  mechanism.  In  this  case,  four  side  bear- 
ings are  used,  instead  of  two,  placed  equidistant  and  forming  a 
square  upon  the  four  corners  of  which  the  bridge  finds  a  reaction 
for  the  moving  load  only.  At  the  same  time  these  supports  serve  to 
steady  the  bridge  when  it  is  standing  open.  Moreover,  the  center 
pier  can  now  be  made  square  instead  of  round,  using  less  yardage 
than  heretofore  and  costing  less  per  yard.  In  addition  to  this, 
where  a  protection  is  provided  for,  up  and  down  stream,  the  square 
pier  oflFers  many  advantages.  The  writer  has  designed  and  built 
a  number  of  plate-girder  swing  spans  on  this  plan,  up  to  150  feet 
long,  and  he  sees  no  reason  why  this  plan  is  not  applicable  in  any 
case,  inasmuch  as  the  center  cross-girder  now  consists  of  two  sep- 
arate cross  girders,  making  it  applicable  to  spans  of  any  length, 
where  heretofore  the  single  cross  girder  became  impracticable  for 
very  long  spans. 

XO.    2  :       DETAILS   OF   TURNTABLE  AXD   CENTER    PIVOT  : 

Mr.  W.  H.  Finley:  The  results  of  the  experiments  made  by  the 
late  Col.  C.  Shaler  Smith  in  1874,  published  in  Vol.  Ill  "Transac- 
tions of  the  American  Society  of  Civil  Engineers,"  under  the  title 
of  "Draw  Spans  and  their  Turntables,"'  served  for  years  as  a  gen- 
eral guide  for  the  design  of  swing  bridges.  The  later  experiments 
made  by  Alfred  P.  Boiler,  J.  W.  and  H.  J.  Schumacher,  on  the 
Thames  River  Bridge,  Connecticut,  and  published  in  \^ol.  XXV 
Transactions  of  the  above  Society,  gave  us  some  valuable  informa- 
tion regarding  rolling  friction  and  the  power  necessary  to  operate 
swing  bridges. 

With  reference  to  the  live  ring,  one  would  infer  from  INIr.  Cart- 
lidge's  paper  that  it  was  no  longer  accepted  practice  to  use  radial 
rods  to  connect  the  wheels  of  the  live  ring  to  the  spider  at  the  cen- 
ter casting. 

The  writer  has  had  considerable  experience  with  a  large  number 
of  draw  bridges  of  different  types,  where  the  details  of  rim  wheel 
fastening  varied  considerably,  and  has  had  trouble  with  only  one 
bridge,  and  this  was  a  case  where  the  rollers  of  the  live  ring  were 
not  spaced  but  left  free  to  move,  being  held  only  by  the  radial  rods. 
The  writer  has  had  no  trouble  with  a  system  of  radial  rods  prop- 
erly spaced  on  the  inside  and  outside,  and  is  of  the  opinion  that 
with  reasonably  good  workmanship,  and  the  use  of  tangental  rods 
to  insure  the  relative  movement  of  the  spider  and  ring,  this  method 
wiH  give  entire  satisfaction. 

Referring  to  Fig.  13— details  of  the  Winona  bridge — the  writer 
would  call  special  attention  to  the  design  of  the  wheels,  treads  and 
rack.  You  will  note  that  the  treads  are  of  cast  iron  with  steel 
plates  for  wearing  surfaces,  the  joints  of  the  steel  plates  being  mi- 
tred and  break  joints  with  the  cast  iron  treads.     The  writer  also 
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believes  that  tlie  methcd  here  shown  of  fastening  the  rack  to  the 
tread  is  much  superior  to  attaching-  it  by  anchor  bolts  through  the 
flange  of  the  treads  into  the  masonry,  as  shown  in  Mr.  Cartlidge's 
plans,  in  which  design  the  whole  stress  from  turning  is  thrown 
onto  the  anchor  bolts,  instead  of  being  carried  to  solid  parts  that 
carry  load.  The  writer  fastens  the  rack  to  the  vertical  face  of  lugs 
projecting  from  the  bottom  tread,  and  arranges  these  lugs  so  that 
they  can  l:e  finished  to  a  plane  surface. 

Considering  the  draw  bridge  question  from  maintenance  stand- 
point, there  are  a  great  many  points,  not  usually  considered,  that 
must  be  given  careful  attention  for  economy  of  first  cost  and  of 
maintenance  afterwards.  The  design  should  be  such  that  repairs 
can  be  made  without  serious  interruption  to  traffic.  The  connection 
of  the  rack  to  the  tread  should  be  such  that  a  segment  of  rack  may 
be  taken  out  without  having  to  jack  up  the  bridge  or  take  out  other 
parts,  and  the  rim  wheels  must  be  similarly  arranged,  so  that  any 
wheel  may  1  e  removed  with  the  minimum  of  difficulty.  The  writer 
does  not  know  w^hether.  with  the  stiff  frame  around  the  rim  wheels 
(as  shown  by  Mr.  Cartlidge)  instead  of  radial  rods,  it  would  be 
easier  to  remove  one  of  the  wheels  or  not,  but  he  has  had  occasion 
to  remove  a  great  many  wheels,  and  always  appreciates  a  design 
that  permits  their  ready  removal.  It  is  also  better  to  design  the 
spider  in  two  parts,  so  that  if  it  is  necessary  to  replace  it,  you  can 
do  so  without  packing  up  the  girders  or  removing  the  w^hole  cen- 
ter. The  pivot  itself  should  be  designed  so  that  it  can  be  taken 
apart  without  jacking  up  the  arms  to  take  the  pivot  bearing  out. 

The  author  seems  to  lay  considerable  sturess  on  imbedding  the 
center  casting  in  the  masonry,  but  the  writer  has  never  found  that 
this  particular  point  was  of  very  great  moment  as  compared  with 
other  details. 

The  writer  has  learned  from  experience  working  nights  and  Sun- 
days over  draw  bridges,  how  important  it  is  to  have  the  details  so 
designed  that  repairs  or  replacements  can  be  made  rapidly,  cheaply 
and  without  dismantling  the  bridge. 

In  regard  to  the  design  of  the  pivot  center.  Fig.  13,  illustrates 
the  type  of  center  pivot  used  on  the  bridge  over  the  Kinnickinnic 
River,  built  about  eight  years  ago.  The  center  consists  of  a  phos- 
phor bronze  disc  bearing  on  a  forged  steel  disc,  the  bearing  sur- 
faces being  twenty  inches  in  diameter.  We  has  some  trouble  wnth 
this  certer  at  first,  owing  to  the  fact  that  the  shop  made  the  phosphor 
bronze  plate  slightlv  concave  instead  of  convex  as  they  had  been 
instructed  to  do.  Th\s  threw  the  pressure  out,  increasing  the  ra- 
dius of  friction  materially  and  resulting  in  hard  turning;  in  fact 
the  phosnhor  bronze  ground  into  the  steel  plates.  When  it  was 
taken  apart,  we  found  the  steel  covered  with  phosphor  bronze. 
The  disc  was  trued  up  to  a  slightly  convex  surface  and  afterw^ards 
gave  no  trouble. 

While  the  writer  has  used  the  flat  disc  center  (as  shown  in  Fig. 
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13)  in  a  number  of  other  cases,  and  has  had  no  trouble,  he  is  ot 
the  opinion  that  it  is  not  as  efficient  as  the  lenticular  disc  center, 
shown  in  Fig.  2  of  Mr.  Cartlidge's  paper. 

The  writer  is,  however,  surprised  at  Mr.  Cartlidge's  experience 
with  conical  rollers.  This  type  of  bearing  has  been  used  for  a  great 
many  years,  and  when  properly  designed  and  made  of  the  proper 
materials,  has  given  satisfaction.  Some  of  our  earliest  swing 
bridge  centers  were  made  with  conical  rollers,  evidently,  a  devel- 
opn:ent  of  the  conical  roller  center-bearing  of  a  locomotive  turn- 
table. 

In  Fig.  14  is  shown  a  conical  roller  center  that  will  be  recognized 
at  once  as  what  has  been  known  for  years  as  the  "Sellers  center." 
Usually  this  center  consists  of  only  one  ring  of  conical  rollers. 
The  center  here  shown  has  two  concentric  rings  of  rollers,  and  was 
put  into  service  about  twenty-two  years  ago  on  the  double  track- 
swing  bridge  carrying  the  tracks  of  the  C,  M.  &  St.  P.  Ry.  over 
the  north  branch  of  the  Chicago  river  at  Kinzie  street.  The  cen- 
ter was  in  use  under  this  bridge  for  about  eight  years  and  sustained 
a  pressure  when  in  motion  of  about  600.000  lbs.  or  4.000  lbs.  per 
lineal  inch  of  roller  of  4'-inch  and  3-inch  large  diameters.  This 
same  design  of  center.  Fig.  14.  taken  from  the  C,  M.  &  St.  P. 
bridge,  has  been  in  use  under  the  Kinzie  street  swing  span  of  the 
C.  &  X.  W.  Ry.  for  the  past  nine  years,  and  is  still  giving  excel- 
lent service. 

The  writer  will  also  mention  a  conical  center  in  use  under  a 
turntable  in  this  city,  turning  on  an  average  over  400  times  in  each 
twenty-four  hours,  and  which  is  giving  perfect  satisfaction,  having 
turned  292.000  times  in  the  two  years  during  which  it  has  been  in 
operation. 

These  two  instances  and  a  number  of  others  that  the  writer  calls 
to  mind  have  convinced  him  that  a  conical  roller  center  of  proper 
material,   design   and   workmanship   is   very   satisfactory. 

Troubles  may  come,  to  a  sl'ght  degree,  from  poor  material  and 
workmanship,  but  thev  come  principally  from  faulty  design.  In 
the  old  "Sellers  center"  the  length  of  the  roller  was  generally  the 
same  as  the  large  diameter,  and  in*  rollers  of  this  proportion  it  is 
not  necessary  to  use  a  spider  or  cage  to  maintain  the  radial  position 
of  the  rollers.  \\'hen.  however,  the  length  of  the  roller  materially 
exceeds  its  large  diameter,  it  becon^es  necessary  to  use  a  spider  or 
cage  to  hold  the  rollers  in  line,  and  this  fact  has  been  too  frequently 
overlooked  in  designing  such  centers. 

The  writer  also  wishes  to  call  attention  to  the  nccessitv  of  keep- 
ing all  working  parts  properlv  and  regularly  oiled,  and  of  providing 
suitable  methods  for  convenient  and  efficient  cleaning  and  oiling. 

Mr.  C.  L.  Strohcl:  The  writer  wishes  to  commend  papers  of  this 
kind.  A  swing  bridge  is  a  machine  and  like  most  machines  can  \)c 
improved  by  a  study  uf  its  actual  performances.     .\  paper  trivin'.; 
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the  results  of  observation  and  of  a  critical  study  of  various  designs, 
such  as  this,  is  valuable,  and  we  should  have  more  of  them. 

The  writer  does  not  share  the  author's  objections  to  cone-roller 
centers.  Such  roller  bearings  can  and  have  been  built  of  such  effi- 
ciency that  they  do  not  require  repairs,  but  in  order  that  there  may 
be  no  uncertainty  as  to  results,  he  thinks  it  essential  that  a  spider  be 
used  to  hold  the  rollers  positively  in  their  relative  position,  which 
arrangement  has  the  further  advantage  of  reducing  the  friction  to 
a  minimum.  He  agrees  with  the  author  that  for  swing  bridges, 
ordinarily,  the  reduction  in  friction  from  the  use  of  cone  rollers 
does  not  sufficiently  pay  for  their  greater  cost. 

The  writer  has  for  a  long  time  followed  the  practice  of  connect- 
ing the  outer  ring  (usually  made  up  of  channels)  which  holds  the 
wheels  in  their  relative  position,  to  the  plate  or  inner  ring  which 
holds  the  inner  ends  of  the  radial  bars,  by  means  of  a  system  of 
triangulation  such  that  the  outer  ring  cannot  move  w^ithout  tak- 
ing the  inner  ring  along  with  it.  If  his  arrangement  is  not  used, 
the  stififness  of  the  radial  bars  must  be  depended  upon  to  accomplish 
the  same  object,  and  there  may  then  be  an  undesirable  tendency  for 
the  wheels  to  "skew."  and  the  inner  ring  to  lag  behind  the  outer 
ring,  in  its  motion. 

Imbedding  the  center  and  the  track  castings  in  concrete,  does  not 
appear  to  the  writer  as  essential  to  good  results,  but,  if  practiced, 
it  would  appear  desirable  to  raise  the  track  surface  above  the  con- 
crete instead  of  leaving  it  flush  with  it.  By  so  doing  the  track 
would  be  kept  freer  from  dirt. 

Mr.  C.  C.  Schneider:  The  designs  of  rim-bearing  turntables  ac- 
companying the  author's  paper  are  in  accordance  with  good  prac- 
tice, and  will  obviate  some  of  the  trouble  experienced  in  operating 
and  maintaining  swing  bridges  with  rim-bearing  turntables.  The 
features  which  are  particularly  to  be  recommended  in  these  designs 
are  not  new  but  are  not  always  adopted  by  designers.     They  are: 

I  St.  Setting  the  pivot  casting  into  the  concrete  of  the  pier. 
Much  trouble  has  been  experienced  in  the  past  from  the  loosening 
of  the  pivot.  This  has  been  one  of  the  principal  objections  to  the 
rim-bearing  turntable  in  former  years,  when  concrete  was  not  so 
extensively  used  as  at  present,  and  when  it  was  the  usual  practice 
to  set  the  pivot  on  a  stone  pedestal  to  which  it  was  fastened  with 
stone  bolts. 

2d.  Adopting  the  modern  practice  of  using  stiff  rings  with 
stiff  radial  struts  instead  of  the  antiquated  live  ring  with  adjust- 
able radial  rods,  found  in  most  of  the  other  turntables.  The  writer 
also  wislies  to  confirm  the  author's  statement  that  centers  wath 
conical  rollers  have  proved  a  failure  in  every  case  where  he  has 
used  the  same,  and  in  every  other  case  w^hich  has  come  to  his 
knowledge.  The  writer  has  been  designing,  inspecting  and  repair- 
ing all  kinds  of  movable  bridges  since    1875,  and  is  therefore  in 
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a  position  to  say  a  few  words  about  the  early  history  and  dev-eloji- 
ment  of  the  swing  bridge. 

Center-bearing  turntables  of  swing  bridges  up  to  1880  consisted 
of  a  center  pivot  and  balance  wheels ;  these  wheels  answered  the 
double  purpose  of  balancing  the  bridge  while  swinging,  and  of  sup- 
porting ti:eir  portion  of  the  live  load  when  the  bridge  was  closed. 
This  kind  of  construction  was  generally  used  for  single  track 
bridges  only.  Some  of  these  bridges  proved  satisfactory  but  others 
did  not.  Those  that  gave  the  most  trouble  had  i)ivots  with  conical 
rollers. 

Some  center-bearing  turntables  with  disc  pivots  also  proved  un- 
satisfactory on  account  of  poor  material  and  workmanship,  and  bad 
design.  In  some  cases  the  discs  ^vere  made  of  ordinary  steel  with- 
out being  hardened  or  not  properly  polished,  or  had  no  effective  ar- 
rangement for  lubrication  and  for  keeping  out  the  dust. 

The  combined  rim  and  center-bearing  turntables  built  in  those 
days  were  also  unsatisfactory  on  account  of  the  uncertainty  of  the 
distribution  of  the  load  between  the  drum  and  center  pivot. 

In  the  combination  turntable  of  the  usual  construction  the  adjust- 
ment depended  entirely  on  the  judgment  of  the  erector,  and  it  fre- 
quently happened  that  either  the  drum  or  the  center  had  to  carry  the 
whole  load  for  which  neither  were  designed,  and  repairs  on  these 
turntables  were  particularly  troublesome. 

In  1880  the  writer  had  occasion  to  design  a  double-track  swing 
bridge  over  the  "Dutch  Kills''  on  the  Long  Island  railroad.  The 
Dutch  Kills  at  that  time  was  not  navigable,  but  the  law  required 
a  swing  bridge.  It  occurred  to  the  writer  that  a  bridge  which  is  to 
be  used  as  a  fixed  span,  but  must  be  designed  so  that  it  can  be 
opened,  should  meet,  in  the  first  place,  the  conditions  most  desir- 
able in  a  permanent  structure,  viz.,  when  closed  it  should  be  prac- 
tically a  fixed  span,  resting  on  substantial  supports,  which,  however, 
could  be  removed  if  it  should  become  necessary  to  open  the  bridge. 
This,  to  the  writer's  knowledge,  was  the  first  swing  bridge  where 
wedges  were  used  as  supports  at  the  center.  The  arrangements  for 
operating  the  wedges  was  very  crude,  and  when  the  channel  was 
made  navigable  in  1893,  this  bridge  was  replaced  by  a  three-track 
structure  with  a  center-bearing  turntable  of  a  more  improved  de- 
sign, meeting  the  requirements  of  navigation  and  the  increased 
trafific  of  the  railroad. 

In  1 881  the  writer  designed  the  single  track  346-ft.  swing  span 
of  the  Snake  river  bridge  on  the  Northern  Pacific  R.  R.  The 
bridge  was  to  be  opened  only  at  long  intervals,  and  as  the  trains 
were  few,  the  time  required  for  opening  and  closing  was  con- 
sidered of  no  importance.  It  was  rather  desirable  to  have  the 
bridge  as  near  a  fixed  span  as  possible  when  closed.  For  this  rea- 
son wedge  supports  were  used  at  the  center  and  ends,  and  the 
operating  machinery  was  designed  as  simple  as  possible  and  for 
hand  power  only. 
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Ii>  the  same  year  the  writer  designed  another  single  track  swing 
bridge  of  228-ft.  span  on  the  same  principle  as  the  Snake  river 
bridge.  A  plan  and  description  of  the  center  and  end  lift  of  this 
bridge  was  published  in  the  American  Engineer  of  August  11, 
1882.     The  details  are  described  as  follows : 

"The  novel  feature  of  this  turn-table  is  the  central  support 
of  the  trusses  on  the  pivot  pier  when  the  draw  is  closed.    It  will 
be  seen,  by  reference  to  the  plans,  that  when  the  draw  is  closed 
the   trusses    transmit    their    load    through   movable   cast   iron 
wedges  directly  to  the  pedestals  on  the  piers  at  the  center,  as  " 
well  as  at  the  ends,  giving  the  bridge  a  firm  support  and  actual- 
ly making  it  a  continuous  fixed  span  over  two  openings.     When 
the  bridge  is  to  be  swung,  all  the  supporting  wedges  are  drawn 
by  means  of  a  screw  transmitting  its  motion  through  knuckle 
joints  to  the  wedges,   shown  on   the  plans,   thus   leaving  the 
bridge  free  to  swing  on  the  center  pivot.     The  trailing  wheels 
carry  no  weight;  they  are  adjusted  to  have  a  little  clearance 
and  are  only  for  the  purpose  of  steadying  the  bridge  while 
turning.     The  trusses  at  the  center  rest  on  bolsters,  which  are 
supported  by  two  cross  girders,  and  these  are  connected  near 
the  center  by  two  box  girders.     After  the  supporting  wedges 
are  removed,  the  whole  structure  is  suspended  from  the  pivot 
by  six  3  in.  bolts,  passing  between  the  double  web  of  the  box 
girders  and   15-in.  I-beams  which  rest  on  the  center  directly 
over  the  pivot.    This  pivot  is  made  of  steel  and  case  hardened." 
These  first  designs  of  center-bearing  swing  bridges  with  wedge 
supports,  prepared  by  the  writer,  were  for  bridges  which  were  to  be 
opened  at  long  intervals  only ;  for  swing  bridges  which  had  to  be 
opened  frequently,  he  used  the  rim-bearing  type.     At  the  sair.e  time 
he  improved  his   center-bearing  type   with  a  view   of  adapting  ic 
particularly  to  1  ridges   requiring  quick  operation,   for  which  pur- 
pose  it  appeared  this  type  was  especially   fitted,  ofifering  the  ad- 
vantages of  less  power  and  less  wear  and  tear  than  the  rim-bearing 
type- 
Since  1886,  when  the  writer  be:ame  connected  with  the  Penco}d 
Iron  Works,  he  was  ably  assisted  by  his  brother,  E.  A.  Schneider. 
engineer  in  charge  of  the  drawing  room,  in  making  additional  im- 
provements in  the  pivot  and  details  of  the  operating  machinerv  un- 
til the  present  modern  type  was  evolved,  generally  known  as  the 
"Pencoyd  type  ff  swing  bridge"  as  illustrated  in  Figs.  11  and  12. 

There  have  been  built  seventy-five  center-bearing  swing 
bridges  in  accordance  with  the  writer's  type  of  construction  by  the 
Pen:oyd  Iron  Works,  and  later  by  the  American  Bridge  Company, 
alone,  and  many  more  by  other  bridge  companies  who  adopted  his 
design.  Whenever  a  railroad  has  used  the  modern  center-bearing 
swing  bridge  once,  it  has  been  used  again  and  again  to  the  present 
day.  The  Pennsylvania  R.  R.  has  built  nineteen  bridges  of  this 
type  since  1890. 
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Mr.  f.  H.  Bainhridge:  The  efficiency,  ease  of  operation,  and 
good  condition  of  swing  spans,  when  operated  frequently,  will  de- 
pend largely  on  the  care  with  which  all  parts  are  kept  in  adjust- 
ment and  on  the  manner  in  which  they  are  cleaned  and  oiled.  In 
some  northern  cities  navigation  is  kept  up  during  temperatures  of 
from  20  to  30  degrees  below  zero.  Very  few  oils  retain  their 
efficiency  at  these  temperatures.  The  best  oils  for  heavy  pressure, 
such  as  center  bearings  under  such  conditions,  are  the  light  gravity 
mineral  oils,  such  as  are  used  for  lubricating  refrigerating  machin- 
ery. The  oil  should  be  perfectly  fluid  at  low  temperatures  and 
should  spread  over  metal  by  capillary  attraction,  to  be  an  efficient 
lubricator  under  heavy  pressure. 

Kinnickinnic  River  Bridge  on  the  C.  &  N.  W.  Ry.  is  a  234-foot 
double  track  swing  span.  About  one-third  the  load  is  carried  on 
a  center-bearing,  consisting  of  a  phosphor  bronze  disc  on  a  fiat 
steel  disc,  each  twenty  inches  in  diameter.  The  pressure  on  the 
disc  was  only  about  1,600  pounds  per  sq.  in.  When  first  put  in  op- 
eration the  center  ground  so  badly  that  the  noise  could  be  heard  a 
mile  away.  It  moved  also  with  a  jerky  motion.  We  were  using 
ordinary  oil.  such  as  is  used  for  lubricating  car  journals.  I  re- 
ceived orders  to  jack  up  the  span  and  take  out  the  center,  leaving 
the  entire  load  to  be  carried  by  the  outer  live  ring.  I  succeeded. 
however,  in  securing  permission  to  experiment  with  this  center,  in 
an  effort  to  reduce  me  friction.  The  discs  were  oiled  by  a  ^-inch 
pipe  running  through  the  center  of  the  upper  or  bronze  disc,  which 
was  grooved  on  the  under  side  from  the  center  to  the  circumfer- 
ence. I  connected  up  this  pipe  with  a  barrel  of  kerosene  oil  by 
means  of  a  rubber  hose,  and,  opening  the  waste  taps  below.  I  had  a 
flood  of  kerosene  turned  on  whenever  the  span  was  operated.  The 
kerosene  soon  cleared  out  the  phosphor  bronze  scrapings,  and  the 
center  operated  under  the  kerosene  without  jar  or  noise. 

With  this  data  at  hand  I  called  on  two  oil  experts  and  tried  oils 
recommended  by  them,  but  without  success.  I  then  inspected  a 
large  number  of  oil  samples  in  the  laboratory  of  the  Standard  Oil 
Coiiipany.     The  oil  I  was  seeking  was  one  which  would : 

I  St.  flow  freely  like  kerosene; 

2d,  spread  on  steel  by  capillary  attraction  : 

3d.  be  free  from  acid. 

I  found  such  an  oil,  with  the  trade  name  of  "Light  Gravity  Par- 
affine  Oil."  From  the  time  when  it  was  first  used  to  the  present, 
the  center  discs  have  never  ground  except  under  temperatures  of 
20  degrees  below  zero,  Fahr.  and  lower. 

For  wedge  and  other  sliding  surfaces,  for  treads  and  all  sur- 
faces open  for  inspection,  I  consider  some  of  the  various  prepara- 
tions of  graphite  the  best  lubricants. 

In  several  cases,  when  swing  spans  with  drums  and  wheels  were 
turninfj  hard,  I  have  remedied  the  difficulty  by  oiling  the  tread.  If 
the  wheels  always  trained  perfectly,  no  oil  would  be  necessary,  but 
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this  is  seldom  or  never  the  case.  Uneven  expansion  of  the  drum 
under  temperature  variations  will  throw  the  wheels  out  of  train, 
and  oil  should  always  be  used  on  the  tread.  Of  course  the  oil  on' 
the  treads  collects  and  holds  cinders,  but  the  tread  can  be  kept  clean 
even  when  oiled. 

Mr.  C.  F.  Lozveth:  The  writer  agrees  with  the  author  that  it  is 
quite  important  that  a  turntable  center  should  be  securely  anchored 
to  but  not  necessarily  set  into  the  masonry.  If  the  masonry  is  fin-, 
ished  and  dressed  down  to  a  true  level  for  the  center,  it  can  be  rigid- 
ly secured  by  anchor  bolts,  but  these  should  be  of  large  size,  for 
anchor  bolts  to  masonry  are  usually  too  small.  There  are  a  good 
many  difficulties  in  properly  setting  a  center  in  stone  masonry  or 
concrete,  due  to  the  work  having  to  be  done  by  different  classes  of 
workmen,  i  r  dela\  s  in  getting  the  center  set  at  the  time  the  masonry 
is  being  built. 

The  track  or  lower  tread  should  by  all  means  be  raised  above  the 
surface  of  the  masonry.  In  large  spans  the  width  of  lower  tread 
or  track  is  so  great  that  it  is  impracticable  to  thoroughly  tamp  in 
material  between  it  and  the  masonry,  and  the  writer  prefers  to  dress 
down  the  pier  to  an  accurate  level,  and  place  the  tread  immediately 
in  contact  with  it,  securing  it  with  large  anchor  bolts. 

It  is  the  practice  of  the  road  with  which  the  writer  is  connected 
(C,  M.  &  St.  P.  Ry.)  to  make  water  and  dust^ight  floors  on  top  of 
the  ties  over  the  turntable  and  the  end  lift  machinery.  This  to  a 
considerable  degree  keeps  the  machinery  free  from  dust  and  dirt. 
It  is  also  the  practice  to  use  lubricants  only  where  absolutely  nec- 
essary, depending  on  the  frequency  of  operation,  for  the  reason  that 
lubricants  catch  the  dirt  and  grit,  and  often  result  in  more  wear  on 
the  machinery  than  if  allowed  to  run  dry. 

Mr.  B.  B.  Carter:  The  writer  agrees  with  Mr.  Finley  regard- 
ing the  fastening  of  the  rack  to  the  pedestal  on  a  horizontal  line, 
and  that  it  is  not  a  good  idea  to  use  the  foundation  bolts  for  this 
purpose.  It  is  unfortunately  the  case  that  the  rack  is  often  the  weak 
link  in  the  machinery  chain,  and  without  removable  segments  a 
breakage  is  serious.  The  nuts  will  often  be  rusted  to  the  founda- 
tion bolts,  making  the  removal  of  the  rack  difficult  without  loosen- 
ing these  bolts  in  the  masonry.  But  he  wishes  to  add  that  the  rack- 
segments  sliould  also  be  centered  and  be  held  central  by  a  turned 
vertical   face  on  the  pedestal. 

At  the  Rock  Island  bridge,  a  slippage  of  the  rack  was  observed 
due  to  the  reversal  of  the  forces,  especially  by  the  setting  of  the 
brakes.  This  bridge  has  a  high  acceleration  and  retardation  load 
due  to  high  speed.  The  writer's  present  practice  is  to  cast  bosses 
on  the  base  of  the  pedestal  castings,  which  are  tapped  for  cap 
screws.  Adjoining  these  bosses  are  slightly  extended  faces  on  the 
outer  side  of  the  tread  circle  of  the  pedestal.  The  bosses  are  faced, 
and  the  faces  on  the  tread  circle  are  chipped  to  the  true  circle. 
Corresponding  bosses  and   faces  on  the  racks  being  similarly  fin- 
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islied.  it  is  impossible  to  erect  the  rack  out  of  level  or  out  of  cen- 
ter. 

At  about  every  other  vertical  face  fit,  a  key  is  fitted.  Tap  screws 
having-  the  threads  protected  against  dampness  by  the  boss  fits  are 
not  liable  to  rust  in.  The  segments  are  joined  in  the  usual  manner 
by  bolts.  Thus  arranged  the  racks  are  securely  held  in  correct  lo- 
cation, yet  may  be  quickly  and  easily  removed  for  replacement  or 
repair,  a  segment  at  a  time,  without  in  any  way  disturbing  the 
main  foundation  bolts.  When  these  are  once  set,  they  should  not 
be  disturbed.  The  nuts  on  the  foundation  bolts  are  under  the 
flange  of  the  gear,  space  being  allowed  by  the  height  of  the  bosses 
for  the  rack. 

Mr.  Loweth  will  recall  the  case  of  a  certain  bridge  at  South  St. 
Paul,  where  the  writer  had  considerable  trouble  and  found  that 
the  rack  was  erected  -"^s-in.  out  of  center.  These  rack  segments 
were  located  on  a  horizontal  line,  and  held  by  the  foundation  bolts, 
but  were  not  centered  to  the  tread. 

In  regard  to  the  question  of  radial  rods,  the  writer  believes  that 
a  great  deal  of  the  trouble  from  twisting  and  displacement  of  these 
comes  from  the  fact  that  the  shop  has  attempted  to  bore  out  a 
cored  hole  in  a  steel  roller.  This  is  a  very  difficult  proposition, 
as  anyone  who  has  tried  it  knows,  on  account  of  the  surface  chill 
given  by  the  sand.  In  several  cases  the  w^riter  has  used  the  method 
of  babbitting  and  boring  these  holes  and  wath  excellent  results. 
He  thinks  a  probable  cause  for  the  twdsting  of  radial  rods,  is  that 
the  wheel  and  rod  have  become  cemented  together  in  the  bore  by 
rust.  Babbitt  is  not  subject  to  this  trouble,  and  it  is  cheaper  to 
make  the  fit  this  way. 

In  several  cases  the  writer  has  used  tangential  rods  running  from 
the  inner  spacing  ring  to  the  spider  ring :  the  wheels  being  spaced 
by  a  channel  on  the  outside,  and  on  the  inside  by  a  flat  bar,  with 
clips  over  the  radial  rods.  In  these  cases  no  difficulty  at  all  was 
experienced. 

Referring  to  the  concrete  pier  level  which  Mr.  Cartlidge  shows 
coming  up  to  the  top  of  the  tread,  the  writer  would  look  for  crack- 
ing of  the  concrete  where  it  is  in  contact  with  the  tread,  owing  to 
the  elasticity  and  working  of  the  tread.  The  center  casting  can 
not  be  too  carefully  located  and  centered.  In  the  South  St.  Paul 
bridge  above  referred  to,  the  center  w'as  also  out  of  line,  and  we 
had  considerable  difficuly  getting  it  back  into  position. 

Mr.  A.  F.  Robinson:  The  writer  is  of  the  opinion  that  the  dif- 
ference between  conical  roller  bearing  centers  and  disc  centers 
is  largely  a  matter  of  cost.  So  far  as  turntables  are  concerned,  we 
have  been  experinienting  for  a  good  many  years,  trying  to  get  dhc 
bearin<:rs  for  the  centers,  but  have  finally  abandonecl  them  for  coni- 
cal roller  bearings.  As  a  result  of  our  experiments,  we  have  a  cone 
bearing  which  is  not  inexpensive  but  is  giving  us  good  results. 
The  writer  does  not  think,  however,  that  these  centers  could  be 


nO  Discussion — Design  of  Swing  Bridges. 

adapted  to  use  on  draw  bridges  without  largely  increasing  their 
cost. 

In  regard  to  details  of  the  track,  wheels  and  rack,  etc.,  the  writer 
wishes  to  emphasize  the  necessity  of  designing  these  parts,  so  that 
a  segment  of  the  rack  circle  or  any  working  part  can  be  taken  out 
of  the  bridge  under  traffic  and  between  swings  without  having  to 
take  out  any  anchor  bolts  or  having  to  disturb  any  of  the  machin- 
ery. 

Mr.  Albert  RcicJimann:  The  number  of  draw  bridges  on  any 
single  railroad  system  is  comparatively  very  small,  and  the  econ- 
omy, therefore,  in  the  first  cost  of  light  machinery  is  hardly  worth 
considering.  It  seems  to  the  writer  that  especial  attention,  in 
drawing  specifications  for  draw  bridge  machinery,  should  be  di- 
rected toward  making  it  very  strong,  so  that  it  will  not  be  damaged 
by  ordinary  wear  and  tear. 

It  is  also  very  important  that  draw  bridge  machinery  when  it  is 
built,  should  be  inspected  by  a  good  practical  mechanical  man.  arid 
it  seems  to  the  writer  that  the  same  man  who  has  followed  the  work 
through  the  shop  should  have  complete  charge  of  the  erection  of 
the  machinery.  The  men  who  generally  look  after  this  work  are 
just  ordinary  bridge  men,  and  there  is  not  sufficient  care  exercised 
in  putting  these  parts  together. 

We  recently  had  some  trouble  on  a  large  bridge  from  this  very 
cause.  A  good  man  inspected  the  material  in  the  shop  and  was 
satisfied  that  evervthing  was  all  right,  but  the  field  inspector, 
who  was  not  as  familiar  with  machinery  as  the  shop  inspector, 
found  trouble  in  putting  it  together,  owing  to  slight  inaccuracies 
which  would  have  been  easily  taken  care  of  if  he  had  seen  the 
machinery  assembled  in  the  shop. 

All  parts  of  the  machinery  should  be  so  designed  that  they  are 
readily  accessible  for  repairs,  and  ample  provisions  should  be  made 
for  adjustment,  especially  of  all  bearings,  as  these  have  to  be  care- 
fully lined  up. 

Re-Tf^rding  conical  rollers,  they  should  by  all  means  be  put  in  a 
rigid  frame  or  else  they  will  bind,  if  not  made  perfectly  true.  On 
the  other  hand,  if  they  are  not  made  true  at  the  start  and  begin  to 
wear,  owing  to  the  fact  that  the  unit  pressure  per  lineal  inch  of  roll- 
er is  the  same  from  one  end  to  the  other,  the  larger  and  the  smaller 
diameters  of  the  rollers  will  be  reduced  a  like  amount  by  wear, 
and  the  theoretical  apex  of  the  roller  (formed  by  the  elements  of 
the  cone)  will  move  away  from  the  center  of  rotation.  As  a  result 
the  inner  end  of  the  rollers  will  not  travel  at  the  same  angular  ve- 
locity as  the  outer  end.  Then,  the  wheels  will  skew  and  bind,  un- 
less the  frame  is  sufficiently  rigid  to  hold  the  wheels  in  their  proper 
course.  This  trouble  will  not  develop  very  readily,  however,  if  or- 
dinary good  materials  are  used  in  the  construction  of  the  swing 
bridge. 

Mr.   Cartlidge  objects  to  the  use  of  cone   bearing  centers;   the 
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writer  knows  there  has  been  a  great  deal  of  trouble  with  centers  of 
this  kind,  as  it  requires  a  great  deal  of  skill  both  to  design  and 
manufacture  a  cone  bearing  center  that  will  give  good  service.  In 
order  to  do  this  the  cones  should  not  be  too  long,  and  the  angle  of 
the  cones  should  not  be  too  great  so  that  the  end  thrust  against  the 
bearings  is  .diminished  as  much  as  possible.  It  is  particularly  es- 
sential, in  order  to  obtain  the  least  amount  of  wear  and  to  ensure 
easy  working,  that  the  rollers  and  raceways  for  same,  especially 
where  they  are  carrying  high  unit  pressures,  should  be  of  good  ma- 
terial and  properly  hardened. 

There  has  also  been  a  great  deal  of  trouble  with  phosphor 
bronze  discs,  owing  to  the  fact  that  the  engineers  who  order  these 
parts  do  not  always  specify  the  proper  composition  for  the  phosphor 
bronze.  As  a  result,  in  most  cases,  a  poor  soft  material  is  fur- 
nished. It  is  the  careful  attention  to  these  details  upon  which 
the  successful  operation  of  a  structure  depends. 

Ordinarily  our  engineers  think  they  have  done  their  duty  when 
they  have  drafted  a  set  of  general  specifications  and  made  a  set  of 
plans  for  a  structure.  The  plans  are  turned  over  to  the  contract- 
ing company  for  execution  and  also  to  some  inspection  bureau, 
which  in  turn  give  their  plans  and  specifications  to  their  shop  in- 
spectors. Usually  the  inspection  is  let  to  the  lowest  bidder,  and  at 
a  price  at  which  no  inspection  company  can  afiford  to  hire  first 
class  men.  The  poor  inspector  is  given  no  leeway  or  authority, 
he  rarely  has  seen  the  engineer  for  whom  he  is  doing  the  inspection, 
nor  has  his  attention  been  drawn  to  special  features  of  the  design 
that  should  receive  careful  attention ; — there  he  is,  a  poor  inexpe- 
rienced man,  who  has  had  no  mechanical  experience,  inspecting 
some  great  piece  of  engineering  work  of  which  he  has  absolutely 
no  understanding.  His  judgment  never  becomes  cultivated,  no 
matter  how  long  he  sticks  to  the  business,  because  he  is  never  al- 
lowed to  cultivate  it.  The  writer  would  request  all  engineers,  if 
they  wish  to  make  sure  that  their  draw  bridges  and  similar  struc- 
tures are  properly  constructed  in  the  shop,  to  get  in  closer  touch 
with  their  own  inspector,  and  occasionally  to  take  a  trip  to  the  shop 
and  see  how  their  work  is  being  executed  and  what  difficulties  have 
been  encountered  in  the  shcp.  The  idea  of  running  your  office  on 
inspector's  reports,  is  like  carrying  on  war  in  Cuba  with  a  type- 
writer. 

We  also  have  had  trouble  with  phosphor  bronze  discs,  owing  to 
the  use  of  lead  in  the  alloy,  which  makes  it  too  soft  and  naturall\- 
makes  trouble. 

In  regard  to  the  connections  between  the  rack  and  tread,  it  is  the 
practice  of  the  American  Bridge  Co.  to  cast  the  rack  segments  right 
onto  the  tread,  and  setting  the  whole  as  one  piece. 

Mr.  A.  R.  r.ldrid^c:  With  reference  to  the  practice  of  the  C. 
B.  &  O.  Ry.,  of  setting  the  center  casting  in  concrete,  the  writer 
would  add  that  concrete  is  the  onlv  form  of  masonry  that  we  know 
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anything  about,  in  our  present  practice,  and  it  does  not  delay  the 
work  at  all  to  leave  a  hole  for  the  center  casting.  We  are  not  using 
cut  stone  any  more. 

The  writer  also  believes  that  the  method  of  connecting  the  rack 
directly  by  anchor  bolts  is  better  than  the  lug  connection.  The 
anchor  bolts  may  be  made  of  ample  size,  and  when  set  in  masonry, 
the  holes  filled  with  cement,  and  the  holes  in  the  tread  casting  filled 
with  rust  cement,  as  is  done  in  our  practice,  there  is  absolutely  no 
motion  between  the  rack  and  the  tread.  Practically  all  the  large 
swing  bridges  on  the  C.  B.  &  O.  Ry.  are  built  in  this  way,  and  none 
of  them  have  given  any  trouble. 

A  great  many  of  the  defects  which  have  been  referred  to  in  this 
discussion  have  been  due  to  careless  erection.  A  swing  span  is  a 
piece  of  machiner\'  requiring  as  careful  adjustment  in  its  bearings 
as  any  other  machine  of  the  same  weight  and  size.  If  the  same 
intelligence  is  devoted  to  the  design  of  its  parts,  there  will  be  little 
difficulty  in  its  maintenance. 

In  view  of  the  doubt  expressed  in  this  discussion  as  to  the  diffi- 
culty with  radial  rods,  the  writer  can  state  that  this  difficulty  is  a 
fact  and  not  a  theory.  In  certain  cases  the  rods  have  been  twisted 
entirely  off,  and  in  others,  which  are  still  in  existence,  the  rods  have 
been  twisted  through  a  portion  of  a  revolution.  There  is  also  fre- 
quent trouble  through  failure  of  the  rollers  to  track  properly  or 
keep  in  line. 

Referring  to  the  cone  center,  our  principal  trouble  has  arisen 
through  the  impossibility  of  making  any  examination  of  the  cen- 
ter, without  jacking  up  the  bridge.  It  was  impossible  to  deter- 
mine whether  the  rollers  were  turning  or  not,  and  in  a  number  of 
cases  it  was  afterwards  found  that  the  rollers  were  sliding  and  not 
rolling  at  all,  thus  leading,  of  course,  to  very  hard  action. 

It  is  also  unfortunate  that  the  phosphor  bronze  for  center  discs, 
is  generally  so  loosely  covered  by  the  specifications.  Its  composi- 
tion and  test  requirements  should  always  be  fully  set  forth. 

Mr.  Audrcics  AUcn:  In  regard  to  the  turntable  of  the  rim  or 
rim  and  center-bearing  swing  span,  the  writer,  while  in  the  em- 
ploy of  the  Edge  ]\Ioor  Bridge  Company,  about  1894,  had  charge 
of  the  design  of  the  240-ft.,  double  track,  combined  center  and  rim- 
bearing  span  over  the  Calumet  river  for  the  Chicago,  Lake  Shore 
and  Eastern  Ry.  The  drum  was  very  large,  and  the  coning  of  the 
wheels  was.  therefcre,  very  slight.  The  wheels  were  carried  on  ad- 
justable radial  rods  and  spaced  by  a  channel  on  the  inside,  and  by 
removable  bars  on  the  outside,  as  was  the  general  practice  at  that 
time.  The  wheels,  however,  gave  a  great  deal  of  trouble,  owing 
probably  to  slight  inaccuracies  of  workmanship  or  setting  up.  The 
difficulty  was  only  remedied  by  bolting  clamps  on  each  rod  just  in- 
side the  wheels,  in  order  to  keep  the  wheels  in  line,  and  by  the  addi- 
tion of  tangential  rods  to  keep  the  spider  and  live  ring  wheels  to- 
gether. Since  this  experience  the  writer  has  hesitated  to  use  adjust- 
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able  rods  ior  turntables  of  any  magnitude,  and  especially  wliere  the 
coning  is  slight.  The  stiff  live  ring  used  on  the  I.,  I.  &  I.  R.  R. 
bridge,  illustrated  in  Fig.  9  was,  the  writer  believes,  one  of  the 
first,  in  the  west  at  least,  in  which  the  adjustable  rods  were  entirely 
done  away  with.  Here  was  used  a  stiff  channel  frame  with  angles 
top  and  bottom  between  every  other  wheel  connected  to  the  spider. 
The  wheels  were  carried  on  short  axles  on  which  the  wheel  was 
held  to  a  working  fit,  so  that  it  could  not  go  in  or  out,  by  washers 
against-  shoulders  turned  in  the  axle.  The  whole  axle  carrying  the 
wheel  could  then  be  moved  in  or  out  by  means  of  a  screw  adiust- 
ment,  until  the  wheel  came  to  a  perfect  bearing.  The  axle  was  then 
locked  by  drilling  in  a  cotter.  Segments  of  the  outside  channel 
were  made  removable  in  case  wheels  had  to  be  taken  out.  This 
design  worked  perfectly,  and  with  slight  modifications  has  since 
been  wddely  adopted. 

In  regard  to  the  center  of  a  center-bearing  span.  The  writer 
thinks  that  the  question  of  adjustment  is  a  very  important  one. 
He  believes,  however,  in  shim  adjustment  instead  of  adjustable  rods 
or  screw  adjustment  of  any  kind.  After  the  bridge  has  been  ad- 
justed by  the  erector  it  ought  never  to  be  necessary  to  raise  or  lower 
the  entire  center,  except  in  cases  of  pier  settlement,  in  which 
cases  the  span  can  be  jacked  up  and  shims  introduced  between  the 
center  girder  and  the  upper  casting.  The  balance  wheels  may 
need  adjusting,  but  it  is  a  very  simple  matter  to  accomplish  this 
with  shims,  as  the  wheels  should  carry  no  load,  and  even  if  some 
load  should  con^e  on  them,  the  bridge  can  be  very  easily  and  quick- 
ly jacked  up  sufficiently  to  take  out  a  shim  or  two.  We  always  allow 
plenty  of  leeway  at  every  bearing  point  and  provide  plenty  of 
shims  for  any  possible  variation  of  heights. 

The  Pencoyd  design,  in  which  the  span  is  hung  by  adjustable 
rods,  has  many  advantages,  among  which  the  most  important  seem 
to  the  writer  to  be : 

First,  the  greater  stability  of  the  span  while  turning,  owing  to 
the  construction  of  the  center,  which  brings  the  center  of  support 
of  the  span  as  high,  and  therefore  as  near  the  center  of  gravity  as 
possible ; 

Second,  economy  of  height,  as  this  center  can  undoubtedly  be 
built  in  less  vertical  height  than  any  other.  The  writer  feels,  how- 
ever, that  it  may  be  open  to  criticism,  on  account  of  the  uncertain 
distribution  of  load  between  eight  or  ten  adjustable  bolts. 

The  center  wedges  are  driven  to  a  firm  bearing  only,  and  it  is 
always  possible  that  this  bearing  may  not  be  sufficient,  or  even  that 
the  wedges  may  occasionally  not  bear  at  all.  The  center  gir- 
ders and  connections  should  therefore  be  calculated  so  as  not  to 
be  seriously  overstrained  in  such  a  contingency,  and  the  writer, 
therefore,  generally  prefers,  for  shorter  spans  at  least,  the  simpler 
construction  in  which  the  center  girder  or  girders  rest  directly  on 
the  upper  center  casting,   with   shim   adjustments  at   all   hearings. 
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The  writer  has  never  noticed  any  lack  of  stabiUty  in  the  numerous 
spans  which  have  been  built  in  this  way,  and  this  construction  cer- 
tainly has  the  advantages  of  simplicity  and  cheapness  to  commend 
it. 

The  writer  is  also  of  the  opinion  that  the  importance  of  im- 
bedding the  center  casting  in  concrete,  as  advocated  by  Mr.  Cart- 
lidge,  depends  largely  on  whether  or  not  the  center  pivot  carries 
any  live  or  dead  load.  Most  of  the  cases  in  which  the  center  has 
been  displaced  have  occurred  in  plain  center-bearing  spans,  and  it 
seems  to  the  writer  very  necessary  to  imbed  the  center  in  this  form 
of  construction.  Where,  however,  the  center  carries  from  %  to  1-3 
of  the  total  load  on  the  pier,  it  seems  hardly  necessary  to  do  so, 
although  even  then,  there  is  no  possibility  of  making  the  center  too 
solid. 

NO.     3.       DIFFERENT    TYPES    OF    END    LIFTS. 

Mr.  IV.  H.  Finley:  The  writer  does  not  consider  the  toggle  end- 
lift  shown  in  Mr.  Cartlidge's  paper  a  good  one.  Some  years  ago 
the  writer  looked  over  a  certain  bridge  equipped  with  this  end- 
lift,  and  noticed  that  as  the  ends  were  being  raised,  first  one  corner 
struck  and  then  the  other,  the  bridge  vibrating  from  side  to  side 
until  the  ends  were  worked  up  to  the  proper  height.  Even  then  the 
ends  were  not  properly  raised,  for  when  a  train  entered  one  end  of 
the  bridge,  the  other  end  was  lifted  off  its  bearings. 

The  writer  greatly  prefers  the  toggle  and  plunger  end-lift  as 
used  on  many  bridges  on  the  C.  &  N.  W.  Ry.  to  the  end-lift  shown 
by  Mr.  Cartlidge.  Fig.  13  show-s  this  lift  as  used  on  the  Mississippi 
river  bridge  at  Winona.  This  lift  permits  the  absolute  centering  of 
the  bridge,  and  holds  it  rigidly  in  position,  at  the  same  time  allow- 
ing free  longitudinal  expansion. 

This  tvpe  of  plunger  end-lift  is  not  new,  and  has  been  in  use  for 
a  great  many  years.  It  is  usually,  however,  hung  with  pins,  while 
this  design  has  knuckle  bearings.  The  pins  merely  hold  the  differ- 
ent parts  together  and  take  no  load.  This  construction  avoids  the 
wear  and  consequent  lost  motion  of  a  pin  bearing.  The  end-lift  of 
the  Winona  bridge  is  operated  from  the  center  by  means  of  shafting 
and  spur  gears  which  were  substituted  at  the  same  cost,  by  the 
manufacturer,  for  the  worm-gear  mechanism  originally  planned. 
Ample  provision,  with  grease  cups  and  pipes,  is  made  for  oiling  all 
working  parts,  and  the  writer  has  observed  no  loss  of  motion  or 
wear  on  the  working  parts  during  the  nine  years  in  which  the  bridge 
has  been  in  operation. 

The  Mississippi  river  bridge  at  Clinton  is  older  and  has  a  simi- 
lar end-lift,  except  that  it  is  connected  throughout  by  pins,  and  opera- 
ted mostly  by  worms  and  gears.  This  bridge  has  given  consid- 
erable trouble  from  the  wear  in  the  pin  holes  and  consequent  loss 
of  motion.  There  are  numerous  forms  of  end-lifts,  and  the  writer 
quite  agrees  that  "there  is  nothing  new  under  the  sun."  but  we  do 
sometimes  improve  on  what  has  gone  before. 
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The  rocker  end-lift  as  used  by  the  C.  M.  &  St.  P.  Ry.  and  which 
was  orig-inally  designed  some  25  years  ago  by  Mr.  C.  Shaler  Smith 
for  the  Sabula  bridge,  seems  to  the  writer  to  be  the  best  form  of 
end-lift  with  which  he  has  had  experience.  It  permits  of  expansion 
and  contraction  at  the  ends,  is  simple  in  operation  and  is  highly  effi- 
cient. The  writer,  however,  prefers  the  form  with  rocker  hanging 
inside  the  center  bearing  instead  of  as  shown  in  Fig.  15.  The  entire 
machinery  used  on  the  Sabula  bridge,  as  designed  by  Mr.  C.  Shaler 
Smith,  is  one  of  the  most  interesting  examples  of  complete  and  per- 
fect draw  bridge  machinery  up  to  that  time,  and  in  many  respects 
forms  a  very  good  guide  for  present  practice. 

The  end-lift  now  in  use  on  the  Louisiana  bridge  of  the  C.  &  A. 
Ry. — a  400  ft.  draw  span — is  essentially  a  nut  and  vertical  screw. 
This  lift  was  first  used  on  the  bridge  over  the  ^Mississippi  river  at 
\Mnona — the  bridge  that  preceded  the  one  illustrated  in  Fig.   13. 

The  writer  has  had  no  experience  with  hydraulic  end-lifts,  and  is 
not  in  a  position  to  say  anything  about  their  efficiency,  but  there 
are  a  number  of  them  in  use,  principally  in  the  east. 

In  speaking  of  the  rail  lift,  nearly  every  one  uses  a  rail  extending 
over  the  abutment,  usually  having  a  long  mitred  joint  and  lifted 
by  levers  connected  to  the  end-lift.  ^Ir.  Cartlidge  speaks  of  using 
a  device  that  permits  the  rail  to  drop  through  a  certain  space, 
to  insure  its  coming  to  proper  bearing  and  alignment.  The  writer 
would  question  that  practice  as  he  has  always  found  it  necessary  to 
use  a  positive  method  of  drawing  the  rails  into  place.  In  hand- 
operated  bridges  he  always  uses  a  detector  attachment  that  pre- 
vents the  throwing  home  of  the  lever  until  the  rail  is  in  position. 
Some  such  arrangement  as  this  is  necessary  unless  you  have  a  man 
at  each  end  of  the  bridge  to  inspect  the  track  before  trains  are  per- 
mitted to  cross.  Our  practice  is  to  use  mitred  or  lapped  joints, 
which  are  much  cheaper  to  maintain  than  butt  joints. 

For  a  number  of  years  we  tried,  at  Clinton,  a  device  in  which  a 
short  rail  was  made  to  slide  across  in  contact  with  the  rails  on  the 
bridge  and  abutment.  This  device,  however,  did  not  prove  to  be  a 
success  and  was  abandoned. 

In  general,  the  fact  whether  the  bridge  is  to  be  turned  thirty 
times  a  year  or  thirty  times  a  day  ought  to  be  a  factor  in  deter- 
mining the  type  and  design  of  the  details  of  the  machinery  for  its 
operation  :  and  the  writer  supposes  that  all  types  of  end-lift  will 
still  have  their  advocates.  But  it  does  not  make  any  difference  how 
perfect  the  end-lift  may  be.  there  must  me  intelligence  used  in 
the  supervision  of  the  bridge. 

Mr.  A.  F.  Rohiusou:  The  writer  had  the  old  Illinois  River  bridge 
on  the  A.  T.  &  S.  F.  Ry.  under  observation  for  some  years  previous 
to  its  removal,  and  has  watched  trains  passing  over,  when  the 
wedges  at  one  end  would  pull  out  so  far  as  to  frighten  him.  At 
one  time  the  driving  shaft  was  broken  and  one  of  the  wedges  fell 
into  the  river,  in  30  feet  of  water. 
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Better  results  can  be  had  from  the  use  of  toggles,  or  cams  (as 
in  the  St.  Paul,  or  C.  Shaler  Smith  end-lift)  than  from  any  other 
type.  In  short  spans  the  writer  believes  the  cam  to  be  the  most 
convenient  and  economical,  and  for  longer  spans  he  prefers  the 
toggle,  which  seems  to  give  more  positive  results  than  any  other 
design. 

Our  new  Illinois  River  bridge  is  a  300  ft.  single  track  draw  span, 
with  a  very  positive  end-lift,  consisting  of  heavy  toggles  with  pin 
bearings.  We  can  raise  the  ends  of  this  bridge  something  like  i-^4 
in.,  and  there  never  has  been  the  slightest  indication  of  uplift  or 
pounding  when  trains  run  over  it.  The  bridge  is  handled  by  one 
man  and  operated  by  a  24  h.  p.  gasoline  engine  in  an  overhead 
engine  house.  The  machinery  is  interlocked  with  home  and  dis- 
tance signals,  and  trains  do  not  stop  when  they  obtain  the  clear 
signal.  This  bridge  has  been  in  service  about  five  years,  and  up  to 
the  present  time  has  never  caused  an  instant's  delay  to  traffic,  either 
on  rail  or  water. 

With  reference  to  the  connections  betvveen  the  rail  on  the  bridge 
and  on  the  abutment,  use  is  made  of  "sliding  blocks"  on  the 
Illinois  River  bridge  previously  referred  to.  The  rails,  both  on  the 
draw  span  and  on  the  abutment,  are  cut  off  squarely  at  the  face 
of  the  end  ties,  and  rest  on  heavy  steel  plates.  On  the  outside  of 
the  rails  are  sliding  steel  blocks  which  are  planed  to  fit  snugly  to 
the  rails.  The  outer  ends  of  these  blocks  are  slightly  rounded  so 
that  there  shall  be  no  hesitation  in  their  entering,  in  case  the  rails 
on  the  approaches  may  be  slightly  out  of  position.  The  top  of  this 
sliding  block  is  about  ^  in.  higher  than  the  top  of  the  rails.  When 
the  blocks  are  in  reasonably  good  order,  you  will  very  seldom  no- 
tice any  clicking  sound  when  trains  are  passing,  and  the  trains 
go  over  this  bridge  very  fast.  The  rail  blocks  must  be  very  hard. 
The  first  set  was  made  of  medium  steel  and  lasted  only  eight  or 
nine  months.  Since  then  the  blocks  have  been  made  out  of  old 
locomotive  tires,  and  one  set  of  these  blocks  lasts  about  two  years. 

This  bridge  stands  about  northeast  and  southwest,  so  that  one 
side  gets  the  sun  nearly  all  of  the  day.  Up  to  the  present  time,  how- 
ever, there  has  been  no  trouble  from  the  bridge  warping  or  twist- 
ing out  of  shape.  The  toggles  enter  pockets  with  sloping  sides, 
so  that  the  span  is  always  brought  to  perfect  line,  and  longitudi- 
nal e.xpansion  causes  only  a  little  sliding  friction.  If  the  operator 
notices  that  the  span  is  warming  up,  he  will  loosen  the  toggles 
once  in  a  while  and  then  drive  them  home  again  as  to  let  the  span 
adjust  itself. 

Mr.  C.  F.  Lowcth:  Provision  for  expansion  and  contraction  at 
the  ends  of  swing  spans  is  frequently  overlooked.  This  is  a  mat- 
ter of  small  importance  in  short  spans,  but  where  they  are  three 
hundred  feet  or  more  in  length  it  becomes  important.  Where  the 
bridge  is  opened  several  times  daily,  expansion  or  contraction  of 
the  trusses  is  adjusted  each  time  the  bridge  is  opened,  but  there 
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are  many  draw  spans  which  are  rarely  opened,  sometimes  never 
during-  the  winter  months,  and  in  these  the  strains  due  to  the 
absence  of  provision  for  temperature  stresses  must  be  considerable. 

The  design  of  end  bearing  which  has  been  the  standard  practice 
with  the  Chicago,  Milwaukee  &  St.  Paul  Railway  for  a  good 
many  years  past,  provides  fully  for  expansion  and  contraction, 
and  the  writer  believes  is  a  much  more  satisfactory  detail  and  less 
liable  to  get  out  of  order  than  any  he  is  acquainted  with.  This  end 
bearing  consists  of  a  segment  of  a  rocker,  swinging  freely  from 
an  eccentric  shaft  or  cam  hanging  or  supported  at  the  ends  of  the 
trusses.  This  eccentric  shaft  is  operated  by  suitable  gearing, 
and  in  turn  raises  or  lowers  the  rocker.  The  action  is  positive,  and 
the  design  is  simple  and  compact,  as  shown  in  Fig.  15  and  by  the 
half-tone  cut.  Fig.  16. 

This  form  of  end-lift,  the  writer  thinks  was  first  used  on  the 
bridge  over  the  Mississippi  River  at  Sabula  on  the  C.  M.  &  St.  P. 
Ry.  of  which  Mr.  D.  J.  Whittemore  was  chief  engineer  and  Mr. 
C.  Shaler  Smith  consulting  engineer.  This  bridge  has  recently 
been  removed,  after  having  been  in  service  about  twenty-three 
years,  during  all  of  which  time  the  end-lifts  worked  satisfactorily. 

The  writer  does  not  agree  with  Mr.  Finley  in  his  criticism  of 
the  end-lift  shown  in  the  paper,  and  believes  it  to  be  more  satis- 
factory than  toggle  joints ;  yet,  he  does  not  consider  it  satisfactory 
in  that  it  seems  a  very  unstable  support.  The  writer  remembers 
seeing  a  large  draw  span  with  a  toggle  end-lift,  operated  crosswise 
to  the  bridge,  in  which  the  ends  of  the  bridge  had  not  been  lifted 
high  enough  to  permit  the  three  joints  of  the  toggle  to  come  in  the 
same  vertical  plane,  and  when  a  train  came  on  the  bridge  the 
thrust  of  the  toggle  broke  some  part  of  the  mechanism,  causing 
the  vertical  screw  by  which  the  toggle  was  operated  and  held,  to 
come  up  through  the  floor,  resulting  in  a  serious  derailment.  Since 
that  time  he  has  been  afraid  of  toggle  joints  for  end-lifts  for 
swing  spans. 

The  writer  has  built  a  number  of  swing  spans  with  end-lifts 
similar  to  that  shown  by  the  author,  and  has  always  considered 
it  necessary  that  the  rollers  should  be  pushed  out  somewhat  beyond 
the  center  plane  of  the  trusses,  and  against  a  positive  stop  on  the 
outside,  so  that  the  roller  can  go  so  far  and  no  farther.  This 
makes  the  links  batter  slightly  outward  from  the  truss,  and  results 
in  a  more  stable  support  than  where  the  links  are  truly  vertical. 
But  at  the  best  the  lateral  stiffness  of  the  bearing  cannot  nearlv 
equal  that  of  the  Sabula  type  of  rocker  bearing. 

The  writer  takes  exception  to  the  author's  statement  where  he 
refers  to  end  rails  as  being  allowed  to  drop  into  position.  The 
writer  thinks  the  rail-operating  n^echanism  should  not  only  lift 
the  rails  but  pull  them  back  into  their  proper  places.  They  may 
get  caught  and  fail  to  drop  into  place,  and  it  is  not  safe  to  depend 
on  the  bridge  tender  to  see  that  all  the  rail  ends  are  down.     Tn 
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FIG.     It) CAM    END   LIFT — USED   BY    C.    M.    &   ST.    P.    RY. 


many  cases  with  frequently  operated  bridges  there  are  not  at- 
tendants enough,  nor  time  enough,  to  make  sure  by  actual  in- 
spection that  the  rails  are  in  proper  position :  The  mechanism  should 
be  such  as  will  call  the  operator's  attention  to  anything  which 
prevents  the  rails  being  pulled  back  into  position.  Where  the 
draw  is  interlocked  with  distant  signals,  the  mechanism  should  be 
such  as  will  insure  the  rails  being  in  place  before  the  signals  can 
be  changed.  For  some  time  past,  the  practice  on  the  road  with 
which  the  writer  has  been  connected  has  been  to  use  lapped  or 
bevelled  rail  joints  at  the  ends  of  drawbridges,  the  joint  coming 
over  the  back  wall  of  the  abutments,  and  it  is  believed  that  this 
form  of  joint,  with  positive  operating  mechanism,  such  as  above 
described,  is  a  desirable  and  safe  arrangement.  The  square  joint 
is  hard  to  maintain,  and  is  very  hard  on  the  supporting  structure.* 
Mr.  A.  Rcichmann :  The  end-lift  illustrated  in  Mr.  Cartlidge's 
paper  is  open  to  the  objection  that  it  comes  to  a  full  stop  when 
driven  home.     The  writer  thinks  that  in  power-operated  bridges 

*The  above  remarks  as  to  rail  joints  were  made  at  the  meeting  April  i8  or 
May  i6,  and  previous  to  the  Atlantic  City  draw-span  disaster,  which  brought  out 
the  necessity  of  what  the  speaker  here  refers  to. 
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there  should  be  no  positive  stop  to  the  end  hft ;  such  a  stop  can 
do  no  good,  but  only  endangers  the  machinery  should  the  en- 
gineer run  past  the  indicator.  In  the  case  of  the  Sabula  lift,  the 
motion  of  the  shaft  may  be  continuously  in  one  direction,  and  the 
lift  may  be  driven  and  released  without  reversing  the  engine. 
The  main  trouble  with  most  end-lifts  comes  from  failure  to  pro- 
vide sufficient  power. 

Mr.  B.  E.  Carter:  The  end-lift  is  a  most  interesting  problem. 
The  St.  Paul  or  Sabula  lift  is  nearly  ideal  for  short  spans  and 
short  lift.  It  is  open  to  the  objection  of  not  centering  the  bridge 
or  holding  it  central.  If  arranged  to  center,  the  wedge  sides 
cause  the  necessity  of  extra  lift  to  clear  in  swinging.  This  in- 
creasing the  throw  of  the  eccentric,  materially  affects  the  power 
required  as  well  as  the  size  of  parts. 

It  does,  however,  allow  the  bridge  to  shrink  or  stretch  by  tem- 
perature changes  or  stretch  from  the  live  load  without  throwing 
a  longitudinal  load  on  the  masonry.  The  efficiency  of  an  eccentric 
is  very  low  and  for  heavy  lifts  the  power  requirements  are  too 
high. 

For  medium  long  spans  and  rather  high  lifts,  but  with  medium 
live  and  dead  load  reactions,  the  writer  prefers  the  Morrison  lift 
as  shown  by  Mr.  Cartlidge.  He,  however,  adds  a  diaphragm  be- 
tween the  vertical  links,  using  only  two  links,  the  top  of  the  dia- 
phragm being  bored  to  fit  the  upper  pin.  This  increases  the  bear- 
ing surface  on  this  pin.  The  lower  pin  is  keyed  to  the  link,  thus 
forcing  the  roller  to  turn  on  the  pin. 

This  lift,  forces  and  holds  the  bridge  to  an  absolute  center  and 
insures  the  alignment  of  the  track  for  any  form  of  rail  junction. 
It  does  have  the  objection  of  not  providing  well  for  the  longi- 
tudinal movement  of  the  draw  span,  and  does  throw  a  load  in 
this  direction  on  the  masonry.  It  is  exceedingly  efficient,  and, 
when  well  connected,  operates  very  well.  Its  frictional  resistances 
are  low  when  properly  designed  and  built.  The  operating  by  a 
slow-speed  longitudinal  shaft  is  poor  practice,  especially  when  be- 
low low  iron,  as  shown  in  Fig.  3.  It  is  better  when  using  a 
longitudinal  shaft  to  have  this  a  high  speed  shaft,  and  hence  a 
small  one,  with  a  reduction  train  of  gearing  near  the  lift.  It  is 
impossible  to  have  or  keep  a  longitudinal  shaft  in  line,  and  a 
heavy  shaft  introduces  a  high  friction  load  from  its  own  stiffness. 
Pneumatic  or  hydraulic  operation  for  this  form  of  lift  is  very 
efficient  and  eliminates  the  shaft  problem. 

On  the  Rock  Island  bridge  there  was  used  the  general  form  of 
end-lift  illustrated  by  ]Mr.  Cartlidge.  The  end  floor  beam  was 
doubled,  and  the  low  iron  of  the  bridge  was  not  infringed  upon 
by  a  shaft,  as  in  the  case  in  Mr.  Cartlidge's  illustration.  In  the 
center  there  was  a  double  toggle,  connecting  back  to  an  air  cyl- 
inder. When  the  ends  were  raised  the  center  toggle  overlocked 
34   inch.     The  end  lift  on  the  Rock  Island  bridge  had  the  worst 
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possible  conditi(.)n>  to  contend  witli.  due  partly  to  unequal  temper- 
ature deflection,  which  amounted  to  about  Yz  inch.  One  set  would 
go  up  free  and  compel  the  other  set  to  work  under  double  de- 
flection. Some  difficulty  was  experienced  from  this  cause,  but 
after  correcting-  this  the  machinery  worked  well  and  has  given 
no  trouble. 

But  for  very  heavy  reactions  and  high  lifts,  on  long  and  heavy 
spans,  with  heavy  live  loads,  the  writer  prefers  the  double  toggle 
with  plunger.  This  form  is  designed  for  the  large  bridges  to  be 
put  in  near  Portland,  Oregon.  In  these  cases  the  plungers  will 
rest  on  regular  expansion  bearings  fixed  to  the  piers.  The  long- 
itudinal movement  due  to  the  maximum  load  but  not  including 
that  due  to  temperature  changes  will  be  about  one  inch  on  each 
end  of  the  draw  span.  These  toggles  will  be  operated  by  electric 
motors  with  automatic  stopping  devices,  through  a  train  of  gear- 
ing and  toggling  cranks  at  eagh  end.  The  toggle  cranks  will 
overlock  }4  inch,  but  the  toggles  will  be  set  with  all  the  pin 
centers  in  line.  The  toggle  pins  are  small,  being  used  only  to  hold 
the  toggles  together,  the  bearing  being  in  large  cylindrical  seats. 

The  centering  is  done  with  plugs  attached  to  the  center  of  the  tog- 
gle through  the  end  post  bracket,  entering  sockets  in  the  ends  of  the 
lower  chords  of  the  adjoining  spans.  The  writer  thinks  the  form 
of  end-lift,  as  well  as  all  other  machinery,  should  be  in  conformity 
with  the  size,  weight,  cost  and  importance  of  the  draw  on  which 
it  is  intended  to  be  used,  and  further  that  no  end-lift  yet  devised 
is  best  for  all  conditions. 

Regarding  the  rail  lock,  the  kind  shown  in  Fig.  3  has  nothing 
to  commend  it  except  cheapness  of  first  cost.  This  is  often  given 
too  much   consideration. 

The  rail  or  ties  must  be  loose  from  the  bridge  for  some  distance 
back,  and  even  then  only  transfer  the  rail  gap  to  some  other  place 
on  the  bridge.  If  the  rails  are  scarfed  or  slit  joined,  there  is 
danger  of  their  not  seating,  and  does  not  entirely  overcome  the 
gap  or  end  wear.  The  mere  fact  that  they  have  to  be  dropped  and 
thus  hammered  into  place  shows  their  unreliability. 

The  form  described  by  other  writers,  with  a  key  sliding  along 
the  side  of  the  rail  on  the  outside  over  the  gap,  with  the  top  tapered 
so  that  at  the  gap  the  elevation  is  about  J4  inch,  such  as  is  used  on 
the  Rock  Island  bridge,  is  almost  perfect.  There  is  no  wear  on  the 
ends  of  the  end  rails,  no  pound  on  the  bridge  or  masonry,  and  the 
gap  can  be  crossed  at  almost  any  speed  without  danger  or  even  be- 
ing noticed  on  the  train.  This  has  been  used  to  the  writer's  know- 
ledge on  many  bridges  lately  built  with  unfailing  success.  How- 
ever, the  key  must  be  locked  in  the  forward  position  to  prevent 
the  tractive   force  of  the  locomotive  withdrawing  it. 

Mr.  A.  H.  Eld  ridge:  Mr.  Finley  has  .stated  in  his  discussion 
that  the  end  lift  of  a  certain  bridge,  which  was  built  after  the 
plan  shown  by  Mr.  Cartlidgc.  when  in  operation  came  to  bearing 
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first  at  one  eiul  and  tlien  at  the  otlier,  the  span  vibrating  until  it 
finally  came  to  the  proper  height.  The  writer  considers  the  crit- 
icism wholly  immaterial.  It  is  difficult  to  conceive  of  any  end  lift 
that  will  not  allow  the  same  thing  to  occur  when,  for  instance,  one 
side  of  tlie  span  is  heated  and  the  other  cool.  The  all  important 
mission  of  the  end  lift  is  to  raise  the  ends  so  that  there  will  be 
no  pounding,  and  if  this  is  done  regularly,  under  all  conditions, 
we  ought  to  be  satisfied. 

It'  Fig.  3  of  the  St.  Croix  swing  span  be  carefully  examined,  it 
will  be  found  that  the  bearing  of  the  ends  is  not  a  linear  bear- 
ing, but  that  both  upper  and  lower  castings  bear  on  the  arc  of  a 
cylinder. 

The  writer  had  hoped  to  personally  inspect  the  two  C.  B.  &  Q. 
draw  spans  under  discussion,  but  has  been  unable  to  do  so.  He 
asked  the  Bridge  Superintendent,  however,  under  whose  care  they 
are,  to  make  a  complete  report  on  the  principal  points  under  dis- 
cussion.    His  report  is  as  follows :' 

"Dear  Sir:     In  answer  to  yours  of  the  8th. 

As  to  the  ends  of  the  Winona  and  St.  Croix  draw  bridges 
moving  up  or  down,  or  moving  in  any  way,  while  trains  are 
passing  over  draw,  must  say  that  I  make  frequent  tests  in 
regard  to  this  under  various  conditions  of  temperature,  and 
I  have  always  found  that  the  ends  are  perfectly  rigid,  under 
all  conditions. 

As  to  the  ends  lifting  unequally.  This  depends  somewhat 
on  the  position  of  the  draw  span  with  reference  to  the  sun  at 
various  times  of  the  day,  which  will  cause  an  unequal  expan- 
sion which  causes  a  temporary  variation  in  the  elevation  of 
the  four  end  bearings  when  draw  span  rests  on  center  bear- 
ing. This,  however,  is  very  slight  and  not  enough  to  cause 
any    trouble. 

We  have  had  no  trouble  on  account  of  expansion. 

Taking  it  as  a  whole,  the  working  of  the  Winona,  and  more 
particularly  the  St.  Croix  draw,  which  is  of  a  little  more 
modern  design,  is  very  satisfactory.  In  my  opinion  it  is  far 
above  anything  I  have  seen  on  other  lines." 

Mr.  Andrezvs  .lllcii:  The  problem  of  designing  an  end  lift  is  not 
a  simple  one.  A  draw  bridge  is  very  sensitive  to  temperature 
changes  and  both  vertical  deflection  and  lateral  alignment  is  often 
very  greatly  affected.  In  actual  practice  it  is  very  seldom  that 
any  two  of  the  four  end  bearings  are  at  the  same  level  or  li)!e  when 
the  end  lift  starts  its  operation,  and  the  end  lifts  has  to  take  each 
corner  bearing  wherever  it  finds  it.  and  work  it  up  quicklv  and 
positively  to  the  proper  height  and  line,  irrespective  of  the  condi- 
tion of  the  ends.  For  this  reason  the  writer  does  not  believe  in 
any  sliding  lift  like  the  wedge  or  like  the  one  illustrated  in  ATr.  Cart- 
lidge's  paper  being  operated  across  the  bridge,  for  when  one  side 
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Strikes  before  the  other,  there  will  be  lateral  displacement  and  con- 
sequent vibration,  wear,  and  difficulty  in  centering.  The  toggle 
or  screw  work  vertically,  and  can  be  operated  either  laterally  or 
longitudinally,  but  the  wedge  or  cam  should  be  operated  "lon- 
gitudinally. 

Any  of  the  end  lifts  mentioned  in  the  paper  and  discubsion, 
when  properly  designed,  will  lift  the  ends  satisfactorily.  It  is  simply 
a  question  of  good  mechanical  engineering.  You  can  do  it  with  a 
cam,  wedge,  or  toggle,  and  the  actual  power  required  does  not 
vary  as  much  as  one  would  think.  As  an  illustration  of  this,  the 
writer  recently  made  a  very  careful  comparative  design  and  es- 
timate of  a  ''wedge'"  and  a  "cam"  end-lift  on  the  St.  Paul  plan,  for 
a  2IO  ft.  deck  plate  girder  draw  span.  Both  of  these  lifts  were 
designed  to  fulfill  the  following  conditions : 

Inches.         Pounds. 

Normal  end  lift,   1.25  24.000 

Possible  temperature  variation 1.5  29.000 


Total  lift 2.75  53>ooo 

Clearance 75 

Total  vertical  motion 2>'S 

(")n  this  basis  the  main  wedge  shaft  developed  a  maximum  torque 
of  185,000  inch  pounds  for  a  total  rotary  motion  of  90  deg.  and 
the  cam  shaft  developed  a  maximum  torque  of  112,000  inch  pounds 
for  a  total  rotary  motion  of  135  deg.  Assuming  the  total  power 
proportionate  to  the  maximum,  the  power  required  to  drive  the 
wedge  would  be  only  10  per  cent  more  than  to  drive  the  cam.  This 
difference,  in  a  small  bridge  at  least,  is  entirely  immaterial.  The 
relative  cost  was  also  analyzed  with  some  care,  and  the  wedge  was 
adopted. 

The  importance  of  an  effective  method  of  horizontal  centering 
is  frequently  overlooked.  Some  swing  bridges  are  so  located  that 
they  do  not  warp  very  badly  from  the  sun's  rays,  but  the  I.  I.  &  T. 
brid;3-e.  illustrated  in  Fig.  17  used  to  get  more  than  six  inches 
out  of  line  from  this  cause.  The  original  wedges  were  not  figured 
for  such  a  great  horizontal  deflection,  and  we  finally  had  to  re- 
place the  wedges  and  upper  castings  with  new  parts  designed  for 
a  horizontal  as  well  as  vertical  wedge  action.  With  the  new  wedges 
the  Chief  Engineer  recently  informed  the  writer  they  have  no  dif- 
ficult'in  centering  the  bridge  horizontally,  and  in  raising  the  ends 
1-34  inches  in  accordance  with  the  plan. 

For  smaller  bridges  as  shown  in  Fig.  18  we  set  two  heavy  steel 
pins  into  each  base  casting  with  just  room  for  the  wedges  to  work 
between  them.  We  then  give  the  hose  of  the  wedge  a  sufficient 
amount  of  horizontal  taper  to  enter  and  force  the  bridge  to  align- 
ment under  all  conditions,  and  we  never  have  any  difficulty  in  cen- 
tering  or   raising   the    ends. 
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The  toggle  lift,  also  the  lift  illustrated  by  Air.  Cartlidge,  are 
both  designed  to  center  the  span  very  positively.  The  St.  Paul 
cam  lift  is.  however,  defective  in  this  respect,  and  there  seems 
to  be  no  way  of  centering  the  bridge  with  a  cam  lift,  except  to 
key  a  heavy  cast  steel  arm  on  the  cam  shaft,  so  arranged  that  it  will 
slide  against  the  edge  of  the  base  casting,  which  should  of  course 
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be  specially  finished  to  the  proper  curve,  and  thus  center  the  bridge 
before  the  load  is  taken  by  the  cam.  It  is  not  i)racticable  to  have 
the  cam  work  into  a  recess  with  sloping  sides,  as  in  the  toggle,  as 
this  would  greatly  increase  the  height  of  lift  and  consequently  the 
size  of  cam,  and  "all  working  parts.  The  cam  has  one  advantage, 
however,  over  all  other  forms  of  lift.  It  is  the  only  one  that  allows 
longitudinal  expansion  of  the  span  without  developing  sliding  fric- 
tion. This  is  an  advantage  to  the  masonry,  particularly  as  the 
masonry  in  this  case  does  not  receive  horizontal  vibration  under  the 
passage  of  a  train.  Xext  in  merit  on  this  question  comes  the 
wedge,  where  we  have  sliding  friction  on  a  flat  bearing.  The 
toggle  or  any  other  lift  sliding  on  a  grooved  or  curved  recess  de- 
velops greater  frictional  resistance. 

The  wedge  has  a  bad  name,  owing  to  the  disgraceful  wa>  in 
which  it  has  been  misused.  It  is  often  operated  by  rods  and  levers 
in  such  a  wav  that  the  power  decreases  as  the  load  increases.  It 
has  been  frequently  placed  with  its  top  surface  horizontal,  so  that 
the  height  of  the  ends  of  the  bridge  is  constantly  changing  from 
temi^erature  expansion  of  the  span. 

The  writer  greatly  prefers  to  operate  the  wedge  b_\-  means  of  a 


6ti  Discussion — Design  of  Szi'ing  Bridges. 

toggle  lever  keyed  into  a  transverse  shaft,  this  shaft  in  turn  being 
operated  by  a  segment  gear,  which  can  be  operated  either  by  bev- 
eled gears,  where  a  longitudinal  shaft  is  used  for  power  operation, 
or  by  an  operating  strut  with  pins  meshing  into  the  gear  teeth. 
The  cut  of  the  Illinois  river  bridge,  Fig.  15  showing  the  first 
method  and  Fig.  16  showing  design  of  deck  plate  girders,  shows 
the  second  method.  Both  of  these  methods  multiply  power  very 
fast  toward  the  top  of  the  lift,  and  both  have  given  perfect  satis- 
faction. 

The  writer  confesses  to  a  great  preference  for  the  wedge,  and 
this  preference  has  been  increased  by  examination  and  analysis  of 
other  forms  of  end  lift.  Any  end  lift,  as  stated  above,  can  be  de- 
signed to  raise  the  ends,  hence  it  is  a  question  of  maintenance  and 
first  cost.  The  wedge  is  admittedly  much  cheaper  than  any  other 
lift,  with  the  possible  exception  of  the  St.  Paul  cam.  It  can  be 
made  just  as  efficient  as  any  of  them  and  with  little  more  power ; 
it  has  fewer  parts,  and  those  parts  are  heavy  and  simple.  No 
working  parts  carry  live  or  dead  load,  and  the  wedge  makes  a  sub- 
stantial bearing,  approximating  more  closely  than  any  other,  the 
bearing  one  would  use  under  a  fixed  span. 

Mr.  J.  W.  Schaub:  In  regard  to  the  end  lift,  there  is  no  doubt 
that  the  amount  of  work  necessary  to  raise  the  ends  of  a  bridge 
is  the  same  in  any  case,  and  the  effort  would  also  be  the  same  in 
case  the  work  was  uniform  and  the  friction  of  the  moving  parts 
was  equal.  The  difficulties  to  be  looked  for,  must  then  be  in  the 
details.  Another  difficulty,  which  is  usually  ignored  and  which 
becomes  apparent  in  special  cases  and  in  long  spans,  is  the  lack  of 
a  free  movement  at  the  ends  of  the  span  due  to  changes  in  tem- 
perature and  the  longitudinal  force  due  to  the  friction  on  the 
track  rail.  In  all  kinds  of  end  lifts,  known  to  the  writer,  with  one 
exception  no  provision  is  made  for  this  movement  except  by  per- 
mitting the  ends  of  the  span  to  slide  back  and  forth  over  the  abut- 
ment. This  becomes  a  serious  matter  in  long  spans  that  are  opened 
very  rarely.  In  one  case  where  this  movement  was  transmitted 
to  the  abutment,  the  latter  was  free  to  move  towards  the  center 
pier  only,  the  abutment  being  prevented  from  moving  in  the  other 
direction  by  a  high  bank  of  earth  behind  it.  This  movement  in 
one  direction,  due  to  changes  in  temperature  and  the  dynamic  ac- 
tion of  the  moving  load,  resulted  in  the  abutment  being  pulled  out 
of  position  to  such  an  extent  as  to  finally  prevent  the  bridge  from 
clearing  the  back  wall.  That  the  real  cause  of  the  trouble  was 
due  to  this  fault  in  the  design  was  proven  in  this  case  bv  over- 
coming the  entire  difficulty  by  means  of  a  nest  of  rollers  placed 
under  the  ends  of  the  span.  The  end  lift  above  referred  to.  which 
provides  for  a  free  movement  of  the  ends  of  the  span  at  all  times, 
is  known  as  the  Sabula  end  lift,  being  first  used  bv  the  late  C. 
Shaler  Smith  on  the  bridge  over  the  Mississippi  river  at  Sabula. 
over   twenty-five   years   ago.     This   consists   of   a    segment    rocker 
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hung  from  an  eccentric  shaft  or  cam  at  the  ends  of  the  span. 
When  the  eccentric  shaft  is  tnrned,  the  ends  of  the  span  are  raised 
or  lowered  by  the  amount  of  eccentricity  of  the  shaft.  Tliis 
mechanism  acts  quickly  with  a  practically  uniform  effort  of  the 
prime  mover.  It  is  cheaper  in  shop  work  than  the  usual  form  of 
wedges,  as  the  work  is  largely  done  on  a  lathe,  whereas  the  wedg- 
es require  the  work  done  on  a  planer.  It  weighs  less  when  fin- 
ished than  any  form  of  end  lift  known  to  the  writer  which  ac- 
tually lifts  the  ends  of  the  span.  To  l:e  sure  there  have  been 
many  swing  bridges  built  in  the  past  with  end  lifts,  which  do  not 
lift,  and  the  writer  has  had  occasion  to  remove  some  of  these  mon- 
strosities, for  which  some  one  was  awarded  the  contract  because 
they  made  a  lower  price  than  others,  and  in  each  one  of  such  cases 
he  has  introduced  the  Sabula  end  lift  to  advantage. 

In  regard  to  the  rail  lift  at  the  ends  of  a  swing  span,  shown  by  the 
author.  Fig.  3,  this  form  of  mechanism  has  received  a  terrible  indict- 
ment by  the  recent  disaster  at  Atlantic  City  on  the  Pennsylvania  R. 
R..  where  sixty-seven  lives  were  sacrificed  through  using  a  form 
of  mechanism  which  may  or  may  not  be  safe  to  the  passage  of  a 
train,  and  which  will  permit  a  signal  at  the  same  time  to  show  saf- 
ety. This  form  of  mechanism  is  so  well  known,  and  has  so  re- 
cently been  illustrated  and  discussed  in  connection  with  the  At- 
lantic City  disaster  that  it  is  not  necessary  to  describe  it  here.  It 
should  suffice  to  say  that  it  should  be  banished,  forever,  as  it  is 
the  most  dangerous  piece  of  mechanism  ever  used  on  a  bridge.  It 
might  be  argued,  as  the  Enginecriiig  Xews  in  a  recent  editorial 
argued,  that  if  the  rails  had  been  held  down  fast  to  the  lifting 
mechanism  they  would  have  returned  to  their  proper  position  in 
the  track.  There  is  nothing  positive  about  this ;  for,  if  the  rails 
are  made  fast  to  the  lifting  mechanism,  and  the  rail  is  lifted  out 
of  its  socket,  it  does  not  follow  that  this  rail  will  return  to  its 
place,  when  in  the  meantime  some  obstruction  has  fallen  into  the 
socket.  Now  what  can  happen?  The  rail  is  being  pulled  down 
into  place,  when,  first  the  connection  l>etween  the  rail  and  the 
mechanism  may  fail,  or  second,  the  rail  may  spring  enough  out  of 
line  to  permit  the  mechanism  to  show  safety,  whereas  the  wor.-t 
possible  danger  may  exist.  In  the  place  of  the  rail  lift,  the  writer 
uses  a  rail  wedge,  or  movable  rail  splice,  which  makes  a  contin- 
uous joint  for  the  rail,  and  at  the  same  time  enables  this  movable 
splice  to  be  interlocked  so  that  the  same  cannot  be  out  of  place 
without  showing  the  signal  at  danger.  Another  advantage  in  this 
fonn  of  rail  splice  is  that  it  makes  a  continuous  support  for  the 
wheels  passing  over  it,  and  thereby  does  away  with  tiic  hammering 
on  the  ends  of  the  rails  and  all  of  the  bad  effects  produced  by  this 
impact  on  the  rails  at  high  speeds.  This  is  the  ideal  rail  splice 
for  the  ends  of  a  swing  span,  and  strange  as  it  may  seem,  this  form 
of  rail  splice  has  been  in  use  on  the  Delaware  river  bridge  of  the 
Pennsylvania    R.    R.    since     \fsr/i.     The    original    design     for    tiiis 
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bridge  called  for  the  usual  rail  lift.  This  was  tried  with  square 
ends,  and  also  with  scarfed  ends  for  the  rails,  and  proved  entirely 
inadequate  to  stand  up  under  the  high  speed  trains  which  cross 
this  bridge  at  full  speed.  After  this,  the  present  form  of  rail 
wedges  were  adopted,  which  are  interlocked  w^ith  the  distant  and 
home  signals,  forming  one  of  the  finest  examples  of  swing  bridge 
signalling  and  interlocking  in  this  country. 

Mr.  F:  C.  Kuns,  (read  by  Mr.  R.  E.  Belknap)  :  Mr.  Cartlidge 
objects  to  the  wedge  lifts  at  the  ends  and  prefers  toggle  lifts. 
We  do  not  share  this  preference  and  use  in  our  own  designs, 
wedge  lifts,  and  toggle  lifts  only  in  cases  where  the  Railroad  Com- 
panies expressly  desire  it ;  this,  however,  happens  very  seldom. 
Of  the  bridges  named  on  a  previous  page,  only  the  two  with  a 
combination  of  rim  and  center  bearing  will  have  toggle  lifts.  The 
w^edge  lift  is  mor€  substantial,  therefore  less  apt  to  get  out  of  or- 
der, and  gives  to  the  live  load  passing  over  the  bridge,  with  its 
impact,  a  greater  bearing  area  than  the  toggle  lift.  To  furnish 
the  necessary  lifting  of  the  ends  is  merely  a  question  of  multipli- 
cation of  machinery. 

Mr.  F.  H.  Bainbridj^c:  Of  the  details  shown  by  Mr.  Cartlidge, 
the  writer  considers  the  end  lift  device  shown  in  Fig.  3  inferior  to 
some  other  types  of  lift  in  common  use.  His  objections  are  the 
following : 

First,  It  makes  an  unstable  support  when  the  ends  are  raised. 
Second,  The  centering  of  the  span  is  not  complete  until  the  ends 
are  raised.  This  makes  a  large  frictional  resistance  against  center- 
ing. The  centering  device  should  be  controlled  by  sufficient  power 
to  straighten  out  a  span  when  warped  by  the  sun.  The  writer 
has  watched  the  action  of  a  similar  device  on  the  C.  B.  &  Q.  Ry. 
span  over  the  Mississippi  river  at  Winona,  Minn.  This  span  was 
designed  and  built  under  the  direction  of  the  late  George  S.  Mor- 
ison.  The  span  is  360  feet  in  length  from  center  to  center  of  end 
bearings,  and  when  closed  for  trains  the  center  line  of  the  bridge 
bears  east  and  west.  On  a  sunny  day  the  distortion  is  so  great 
that  this  centering  device  will  not  overcome  it.  The  operator 
has  frequently  to  keep  the  span  turned  toward  the  sun,  closing  the 
span  for  trains. 

Third.  The  large  number  of  small  pins  is  objectionable.  The 
pins,  as  well  as  their  bearings,  wear  and  make  loose  mechanism 
and  lost  motion. 

Fourth.  The  nut  and  screw  device  in  Fig.  3  is,  mechanically, 
of  low  efficiency. 

Fifth.  The  operation  of  this  lift  in  practice  is  such,  as  at  times 
to  severely  jar  the  bridge.  A  link  roller  on  one  side  will  strike 
first,  the  shock  throwing  the  end  of  the  span  back  to  the  other  side 
The  writer  has  observed  this  defect  on  the  span  at  W^inona  men- 
tioned above. 

Sixth.     This  type  of  lift  does  not  ])r()vide   for  the  longitudinal 
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expansion  and  contraction  of  tlie  span  under  temperature  change^ 
and  load. 

The  best  type  of  end  lift,  in  the  writer'-  opinion,  is  that  in  use 
on  the  C.  'SI.  &  St.  P.  Ry.  It  originated  in  the  designs  of  the  late 
C.  Shaler  Smith.  It  consists  essentially  of  a  rocker  bearing  raised 
and  lowered  by  the  eccentric  motion  of  an  offset  shaft.  As  us- 
ually built,  this  lift  does  not  provide  for  centering  the  span,  the 
centering  being  done  by  a  separate  device,  but  by  bevelling  the 
edges  of  the  cam  to  correspond  with  a  similar  bevel  in  the  end 
bearing  casting,  the  centering  could  be  accomplished  by  the  lift 
itself.  The  good  points  in  this  type  of  lift,  as  the  writer  sees 
them,  are  as  follows : 

I.  It  provides  for  longitudinal  movement  due  to  temperature 
changes    and   load. 

II.  As  compared  with  a  wedge  or  toggle,  its  efficiency  is  high. 

III.  It  can  be  operated   entirely   by   direct  spur  gearing. 
I\*.     It  gives  a  rigid  support. 

\'.  There  are  no  small  pins  to  wear  loose.  The  shaft  carry- 
ing the  rocker  is  held  in  adjustable  boxes. 

The  theoretical  advantages  of  this  lift  can  be  observed  in  prac- 
tice. The  writer  has  watched  the  operation  of  three  or  four  spans 
equipped  with  this  device,  and  has  invariably  found  that  the  ends 
were  sufficiently  raised  to  prevent  hammering,  and  the  machinery 
operating  the  lift,  worked  entirely  without  jar. 

Mr.  Schneider:  The  writer  does  not  agree  with  the  author  that 
the  difficulties  in  the  way  of  getting  adequate  lift  with  wedges 
are  too  great.  That  the  wedges  on  some  of  his  bridges  did  not 
lift  sufficiently  is  not  on  account  of  the  inadequate  power  of  the 
engine,  but  on  account  of  faulty  design.  The  end  lift  shown  in 
Fig.  3  is  one  of  the  oldest  devices,  first  used  by  the  Phoenix  Bridge 
Co.  over  thirty  years  ago.  The  writer  has  also  used  similar  lift- 
ing arrangement  in  the  earlier  designs  of  swing  bridges,  but  dis- 
carded it  more  than  a  score  of  years  ago,  because  by  properly  de- 
signing the  machinery  for  moving  the  wedges  he  could  get  all  the 
advantages  of  the  roller  lift  and  besides  gain  the  additional  ad- 
vantage of  more  substantial  supports.     This  is  shown  in  Fig.   12. 

Mr.  C.  L.  Strobcl:  Mr.  George  S.  Morison's  end  lift  and  lock- 
ing arrangements,  with  the  author's  improvements,  are  no  doubt 
fairly  satisfactory,  but  the  writer  prefers  a  locking  device  that  con- 
sists of  a  plunger  with  beveled  lower  end  fitting  in  grooved  bear 
ings  to  correspond,  and  free  to  slide  longitudinally  with  the  tem- 
perature motion  of  the  bridge.  This  plunger  is  moved  vertically 
and  is  actuated  by  a  longitudinal  shaft  and  a  double  toggle. 
There  is  a  latch  or  horizontal  bar  that  moves  outwardly  from  the 
movable  span  and  fits  in  a  socket  anchored  in  the  abutiuent.  This 
latch,  which  is  coimected  with  a  spring,  holds  the  span  primarily. 
The  plunger  adjusts  it  more  accurately  in  ])osition  and  locks  it  fi- 
nally.    The  temjjerature  movement  of  the  sjian  takes  place  by  the 
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sliding-  of  the  plunger-end  in  the  grooved  bearing.  As  the  ends  of 
the  span  are  lifted  only  enough  to  prevent  rattling  at  the  far  end  as 
the  train  passes  on  the  bridge,  sliding  friction  is  not  objectionable 
except  for  verv  long  spans.  The  plunger  is  held  low  and  in  a  very 
substantial  manner  by  gusset  plates  riveted  to  the  lower  chord  and 
end  post. 

For  locking  the  rail  the  writer  prefers  an  arrangement  that 
avoids  the  lifting  of  the  rail.  The  rail  is  cut  between  the  abutment 
and  the  swing  span,  and  the  space  that  must  be  left  for  expansion 
between  the  rail  ends  at  this  point  is  bridged  over  by  a  forged  or 
cast  steel  tongue  fitting  close  against  the  outside  of  rail  and  moved 
forward  from  the  swing  span.  This  tongue  also  locks  the  rail. 
The  details  here  described  are  shown  by  Fig.  19. 

4111. POWER  OPERATION. 

Mr.  IJ".  H.  Finlcy:  The  question  of  motive  powder  is  a- most  im- 
portant one.  and  depends  largely  on  local  conditions.  The  C. 
&  N.  W.  Ry.  was  the  first  to  use  the  gasoline  engine,  and  now  op- 
erates draw  bridges  with  gas.  gasoline,  steam,  electric  and  hand 
power.  Unquestionably  electricity  is  the  best  if  it  can  be  ob- 
tained reliably  and  without  trouble.  As  !Mr.  Carter  says,  it  is 
more  elastic,  and  with  it,  it  is  possible,  to  develop  better  designs 
and  better  details  in  the  machiner\-. 

The  Kinzie  street  bridge,  shown  in  Fig.  14,  is  one  of  the  busiest 
draw  spans  ;  it  is  a  double  track  span,  makes  about  100  turns  in 
twenty-four  hours,  and  is  operated  by  electric  motors  and  com- 
pressed air.  The  electric  motors  are  used  to  swing  the  bridge, 
and  the  compressed  air  to  drive  a  very  powerful  latch,  used  for 
centering  the  bridge,  and  to  lift  the  rails.  There  are  no  end  lifts. 
the  ends  running  up  on  rollers  :  this  construction  is  used  in  ordei 
to  minimize  the  time  for  operation,  on  account  of  the  great  num- 
ber of  trains  passing  this  bridge.  The  center  is  also  very  unusual 
in  types — the  span  pivoting  on  a  conical  roller  center  under  one 
truss,  the  other  truss  resting  on  a  segment  of  drum  and  wheels. 
There  are  wedges  to  carry  the  live  load  under  the  pivot  side  of  the 
center,  and  these  wedges  are  also  operated  by  compressed  air. 

The  first  of  the  C.  &  N.  W.  Ry.  bridges  operated  by  gas  was 
a  235  ft.  d')uble  track  swing  span  over  the  Milwaukee  river  at 
Milwaukee,  and  to  Mr.  E.  C.  Carter,  chief  engineer  of  that  road, 
is  due  the  credit  of  first  adopting  gas  or  gasoline  power  for  tht 
operation  of  this  bridge.  This  bridge  has  been  in  service  about 
fifteen  years,  and  has  given  excellent  satisfaction. 

The  C.  &  N.  W.  Ry.  bridge  over  the  Kinnickinnic  river  (230  ft. 
double  track  swing  span)  is  also  operated  by  a  20  h.  p.  gasoline 
engine,  and  has  also  given  good  satisfaction.  The  writer  might 
mention  the  fact,  that  the  fire  tugs  of  the  Milwaukee  Fire  Depart- 
ment are  located  just  above  this  bridge.  When  the  first  alarm  is 
sounded  the  fire  tug  starts  out  under  full  head  of  steam,  and  never 
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yet  has  there  been  any  trouble  in  clearing  the  channel  for  this  pur- 
pose. There  have  been  no  accidents,  and  the  bridge  has  always 
opened  when  required. 

The  Winona  draw  span  (360  ft.  single  track)  is  swung  by  a 
36  h.  p.  gasoline  engine,  and  was  originally  operated  in  about 
forty-five  seconds.  This,  however,  was  too  fast  for  the  bridge, 
and  the  speed  has  been  cut  down. 

The  draw  span  over  the  North  Branch  of  the  Chicago  river  at 
Deering  is  a  double  track  span  176  ft.  long,  and  is  operated  by 
steam.  It  does  not  turn  very  often,  so  that  the  cost  per  swing, 
tabulated  below,   naturally   runs   high. 

The  cost  per  swing,  and  the  number  of  swings  per  year,  of  the 
principal  draw  bridges  of  the  C.  &  N.  W.  Ry.  has  been  carefully 
collected  and  is  here  presented.  These  costs  include  fuel,  oil 
and  waste  only.  The  cost  of  attendance  varies  with  the  require- 
ments and  could  not  fairly  be  considered  in  a  comparison  of  diff- 
erent kinds  of  power : 

Cost  per  swing         Number  swings 
average.  per  year. 

Kinnickinnic  draw, 

230  ft.  D.  T..  wt.  about  600  tons...    1.17c  5250 

Xo  end  lifts — gasoline  engine 
power. 
Milwaukee  draw, 

23=;  ft.   1).  T.,  wt.  about  500  tons...    i.i8c  16991 

No  end  lifts — gas  engine  power. 
Winona  draw. 

360  ft.  S.  T.,  wt.  about  600  tons...    2.29c  I759 

Toggle  lifts — gasoline  engine  power. 
North   Branch   draw  at  Deering. 

176  ft.  D.  T.,  wt.  about  400  tons.  .  .   41.2c  278 

Steam  engine  power. 
Kinzie  Street. draw. 

187  ft.  D.  T.,  wt.  about  400  tons.  .  .      1.50  9000 

Electric  power. 

Where  the  draw  bridge  swings  frequently  the  cost  of  steam 
would  be  greatly  reduced.  Gasoline  is  particularly  economical  in 
the  intermittant  service  that  occurs  with  the  usual  draw  bridge. 

It  must  also  be  remembered  that  steam  can  be  put  in  much  less 
compass  than  gasoline,  owing  to  the  fact  that  steam  engines  are 
reversible,  and  a  gasoline  engine  runs  only  one  wav,  requiring 
.special  machinerv  for  reversing  purposes. 

Mr.  A.  R.  El'dridgc:  The  C,  B.  &  O.  Ry.  Illinois  river  bridge 
(2yy  ft.  single  track)  is  operated  by  a  20  h.  p.  gasoline  engine,  and 
turns  in  two  minutes,  and  the  368  ft.  draw  span  over  the  St.  Croix 
river  is  operated  by  a  double  9  in.  x  9  in.  steam  engine  developing 
about  50  h.  p.  This  latter  bridge  is  turned  very  frequently  and 
opens  in  about  two  minutes. 
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Mr.  B.  B.  C  artcr:  The  selection  of  the  prime  mover  or  source 
of  power  for  a  draw  span  should  conform  to  the  importance  of  the 
span  for  both  the  railway  service  and  of  navigation,  as  related  to 
the  probable  average  number  of  swings  or  passing  trains.  Also  to 
the  length,  weight  and  loading  of  the  span,  and  the  necessary  speed 
of  operation,  as  well  as  proximity  to  power  supply.  The  writer 
has  used  steam,  gasoline  and  electricity.  On  a  span  frequentlv 
operated,  steam  is  quite  economical,  but  also  rather  dilificult  of 
connection. 

Gasoline  is  more  economical  on  the  average  span  and  is  almost 
the  only  thing  for  spans  remote  from  settlements  or  sources  of 
electric  power,  and  especially  when  infrequently  operated.  It  is 
also  open  to  the  same  objection  as  steam  for  connections,  with  ad- 
ditional difficulties  due  to  the  engine  not  being  reversible. 

Electricity  is  almost  ideal,  and  is  as  economical  as  any  when 
the  bridge  location  is  within  reasonable  distance  of  an  electric  pow- 
er, current.  It  is  very  elastic  in  the  application  of  the  force  and 
also  in  distribution  of  units.  In  driving  end-lifts  and  rail-locks, 
separate  motors  can  be  used,  with  wires,  the  only  connections 
necessary  for  the  operation.  No  part  of  the  bridge  structure  need 
be  interfered  with  or  pierced ;  distortions  of  the  span  do  not  affect 
the  connections ;  and  electric  equalization  is  easy  both  for  swing- 
itig  and  for  end  lift  connections.  The  first  cost  is  higher  than  any 
other  arrangement,  but  on  important  spans  this  should  not  be 
considered.  Electrical  machinery  as  now  made  is  as  reliable  as 
steam,  and  far  more  so  than  gasoline.  The  cost  of  maintenance 
is  not  higher  than  the  other  powers,  and  no  troubles  of  coal,  water, 
ashes  or  other  impediments  need  be  provided  for.  When  traced  to 
the  source,  the  troubles  in  maintaining  draw  bridge  machinery 
usually  can  be  determined  in  faults  of  design.  Often,  however, 
they  are  due  simply  to  carelessness  in  assembling  or  erecting. 

The  machinery,  including  all  moving  parts,  is  the  most  impor- 
tant part  of  a  draw  span,  for  this  is  what  really  makes  it  a  draw 
span.  Too  often  the  cost  is  the  first  consideration,  with  efficiency 
and  durability  as  secondary  considerations. 

Too  much  care  cannot  be  given  to  the  design,  for  simplicity, 
compactness  and  strength.  The  a]i])lication  of  power  should  be  as 
direct  as  possible  without  long  shafting  and  especially  bevel  gear- 
ing. Bevel  gearing  is  one  of  the  worst  mechanical  details  pos- 
sible to  apply  in  bridge  work,  owing  to  the  necessity  of  accurate 
setting,  rigid  supporting,  and  its  own  inherent  weakness. 

Too  much  emphasis  cannot  be  given  to  Mr.  Reichmann's  re- 
marks concerning  the  inspection  in  shop  and  field  by  a  competeiit 
mechanical  man.  It  is  the  writer's  experience  that  too  often  the 
machinery  outfit  is  too  weak  in  proportion  to  the  mass  of  the 
bridge.  The  added  cost  to  make  the  machinery  much  stronger  is 
usually  a  small  percentage  of. the  total  cost  of  the  outfit;  therefore. 
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in  his  practice  lie  leans  towards  the  side  of  too  much  strength,  but 
by  so  doing  reduces  the  cost  of  repairs,  delays  and  maintenance. 

As  a  final  remark,  the  writer  would  like  to  have  a  word  with 
his  friend,  the  civil  engineer.  Draw  bridge  machinery  designing 
is  about  the  most  difficult  problem  that  the  mechanical  engineer 
undertakes,  and  the  civil  engineer  seems  to  have  a  chronic  objec- 
tion to  doing  anything  to  facilitate  his  work.  The  mechanical  en- 
gineer must  get  around  a  thing  by  a  set  of  bevel  gears  if  he  is  to 
get  around  at  all,  otherwise  he  must  go  through,  but  be  careful  not 
to  weaken  the  structure.  The  best  results  can  be  obtained  only  by 
hearty  co-operation  between  the  mechanical  and  the  civil  engi- 
neer, to  the  end  that  they  overcome  each  other's  difficulties.  The 
writer  is  glad  to  say  that  in  several  of  the  bridges  with  which  he 
has  lately  been  connected,  there  has  been  thorough  co-operation. 
If  certain  changes  in  the  structure  would  make  things  better  me- 
chanically, without  unduly  weakening  the  structure  or  making  it 
more  expensive,  these  changes  were  made  with  the  result  that  the 
entire  bridge  was  greatly  benefitted. 

Mr.  A.  F.  Robinso)i:  It  would  be  very  interesting  if,  in  addi- 
tion to  the  data  presented  by  Mr.  Finley  regarding  cost  per  swing 
of  fuel,  etc..  additional  figures  might  be  presented,  covering  the 
cost  of  labor  under  different  conditions.  This  cost  will  vary  in 
different  local'ties.  but  the  writer  finds  where  there  have  been  in- 
stalled interlocking  devices  so  that  the  span  is  operated  by  one 
man.  that  the  saving  in  labor  has  been  sufficient  to  more  than  pay 
interest  on  the  cost  of  the  entire  installation  of  the  interlocking 
plant. 

The  300  ft.  S.  T.  swing  span  over  the  Illinois  river  for  the  A., 
T.  &  St.  F.  Ry.  is  operated  by  a  24  h.  p.  gasoline  engine,  and  is 
interlocked.  This  bridge  is  tended  by  only  one  man,  and  the  re- 
sults are  entirely  satisfactory.  The  writer  might  also  add  that 
the  above  Ry.  Co.  has  what  is  known  as  the  Taylor  gasoline  elec- 
tric device — a  small  gasoline  engine  generating  the  electric  cur- 
rent for  all  the  signal  lights. 

The  A.,  T.  &  St.  F.  Ry.  Co.  are  now  equipping  three  draw  bridg- 
es on  the  "Valley  Division"  in  California  with  power  turning  plants. 
These  bridges  are  riveted  throughout,  and  have  what  might  be 
called  jack-screw  end-lifts.  Wiien  the  road  was  built  these 
bridges  were  operated  perhaps  twice  in  twenty-four  hours,  and 
the  railroad  traffic  was  not  unusaully  heavy,  so  that  the  delay  to 
trains  and  the  cost  of  operating  bv  hand  was  not  a  serious  mat- 
ter. 

.  Last  fall.  h(>wever,  the  traffic  had  increased  so  that  the  records 
for  the  month  of  November  showed  something  like  seventeen 
hours  of  delay  to  trains  of  all  kinds,  at  these  draw  bridges,  and  at 
once  the  matter  was  taken  up  of  equipping  these  bridges  with 
power. 

The  estimated  first  cost  of  power  installation  was  a  little  in  favor 
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of  gasoline  as  against  electricity,  and  the  estimated  operating  ex- 
pense showed  gasoline  as  being  at  least  2=,  per  cent  cheaper  than 
electricity,  from  a  lo^al  power  company.  Of  course  the  authorities 
had  to  consider  also  the  possible  derangement  of  service  where 
electricity  is  taken  from  a  single  power  house  over  one  wire.  If 
the  wire  is  down,  all  the  current  is  gone  for  all  three  of  the  bridges, 
while  with  the  gasoline  plant  one  can  hardly  have  more  than  one 
bridge  out  of  service  at  one  time. 

As  to  the  location  of  the  engine  houses,  it  seems  to  the  writer 
that  for  a  draw  span  of  any  length,  especially  where  it  is  inter- 
locked so  thit  trains  do  not  stop,  you  have  no  right  to  put  the  en- 
gine room  down  out  of  sight,  at  the  level  of  the  tracks.  The 
pr.  psr  place  ti^r  the  rperptf^r  is  overhead  where  he  can  see  in  all 
directions. 

Mr.  C.  F.  Lozccth:  The  writer's  experience  covers  the  use  of 
steam,  gasoline  and  electric  power  for  operating  swing  spans,  and 
hjs  present  preference  is  for  electric  power  wherever  it  can  be 
ero'- ;)•"'' i':ally  obtained,  and  with  reasonable  assurance  of  freedom 
from  interruption.  Electric  power  is  applied  with  much  less  com- 
plication of  machinery  than  other  kinds.  In  long  spans  the  end 
lifts  may  be  operated  by  small  motors  placed  at  the  ends  of  the 
span,  obviating  a  line  of  shafting  the  entire  length  of  the  bridge, 
with  its  connecting  clutches  and  gearing  at  the  center,  all  of  which 
are  otherwise  recjuired. 

The  new  bridge  of  the  C.  M.  &  St.  P.  Ry.  over  the  Mississippi 
river  at  Sabula  is  operated  by  electric  power,  and  has  electric  in- 
terlocking signals  :  the  current  for  both  purposes  is  obtained  from 
a  gasoline  power  plant  located  on  shore,  and  supplemented  with 
storage  batteries.  Generally,  however,,  the  electricity  supply  is 
purchased  from  local  electric  light  or  street  railway  companies. 
As  a  general  proposition  the  writer  favors  a  power  house  at  the 
track   level. 

5TH. — <;r:xKRAL  questions  of  co.nstructigx. 

Mr.  IP'.  H.  Fiiiley:  Coming  to  the  details  of  swing  bridge  de- 
sign, that  affect  the  question  of  maintenance,  the  writer  is  in  thor- 
ough accord  with  Mr.  Cartlidgc  as  to  the  necessity  for  riveted  con- 
nections wherever  possible,  particularly  of  the  end  floor  beams. 
He  also  believes  that  the  method  of  carrying  the  reaction  of  the 
.'Dan  to  the  drum  is  worthy  of  consideration.  The  triangular  tower 
shown  in  Fig.  5  is  to  be  preferred  to  the  frequently  used  rectang- 
ular tower.  The  writer  believes  that  the  triangular  tower,  with  a 
short  (hanging)  link  at  the  top.  insures  a  better  distribution  of 
loads  at  the  foot  of  the  end  posts  (though  the  loads  on  tiic  arms 
may  be  unequal)   than  the  usual  rectangular  form. 

A  300  ft.  draw  span  built  by  the  C,  M.  &  St.  P.  Ry.  is  somewhat 
different  from  the  ordinary  draw  span,  in  that  the  top  chord  is 
made  discontinuous  when  the  bridge  is  closed,  thus  securing  pos- 
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tive  reactions  without  the  use  of  end  Hfts,  as  the  arms  are  abso- 
lutely two  single  spans.  The  writer  realizes  that  the  method  of 
accomplishing  this  by  pulling  down  the  center  eye  bars  is  not  an 
economical  one,  but  the  bridge  has  been  giving  good  satisfaction  so 
far  as  the  writer  knows,  though  he  has  not  seen  this  bridge  for 
tW'O    years. 

The  writer  would  call  attention  to  Fig.  6  as  an  example  of  a 
stifT  riveted  swing  bridge.  In  this  type  of  truss,  not  only  are  ad- 
justable members  avoided,  but  the  uncertain  eyebar  is  also  elim- 
inated. 

....  ./.  F.  Robinson:  As  to  the  design  of  the  swing  span  itself, 
for  some  years  the  writer  has  been  very  much  opposed  to  the  idea 
of  fi;i'uring  a  swing  span  as  a  continuous  girder  under  live  loading. 
When  the  Illinois  river  bridge  was  built  the  writer  was  anxious  to 
design  the  structure  as  two  independent  fixed  spans  under  live 
I  ad.  but  the  time  was  too  short  to  undertake  it.  There  should  be 
no  special  difficulty  in  such  a  design.  The  end  lifts  can  be  made 
heavy  enough  to  relieve  the  bars  over  the  center  of  all  dead  and 
live  load  stress. 

.\ir.  Schneider:  The  writer  agrees  with  Mr.  Cartlidge  that  there 
should  be  absolutely  no  adjustable  members  in  the  trusses  of  swing 
bridges,  and  that  all  parts  subject  to  reversal  of  strain  should  be 
stifif  members  with  riveted  connections.  This,  in  his  opinion, 
apples  to  any  truss ;  the  ideal  permanent  structure  should  have  no 
adjustable  members. 

Mr.  F.  C.  Knnz  (read  by  Mr.  Belknap)  :  The  writer  heartily 
endorses  the  author's  recommendation,  that  truss-details  should 
be  all  riveted  except  for  eye  bar  members.  In  his  designs,  wher- 
ever possible,  he  even  goes  so  far  as  to  eliminate  the  use  of  eyebars 
entirely,  making  the  whole  truss  one  riveted  body,  instead  of  two 
separate  ones  connected  over  the  center  with  eyebars. 

Mr.  C.  F.  Lozceth:  The  writer  believes  in  the  use  of  riveted 
truss  connections  for  draw  spans,  and  his  practice  is  generally  to 
make  the  web  and  chord  connections  all  riveted  throughout,  ex- 
cept the  center  top  chords,  and  in  large  spans  the  largest  tension 
web    members. 

The  three  hundred-foot  span  referred  to  by  Mr.  Finley,  in  which 
the  arms  are  raised  or  lowered  by  drawing  down  the  center  top 
chord,  thus  making  the  span  when  closed  absolutely  two  single 
spans,  is  giving  good  service,  and  doubtless  will  continue  to,  al- 
though the  writer  doubts  if  anyone  will  be  strongly  tempted  to  du- 
plicate the  design.  It  illustrates,  however,  the  fact,  that  success- 
ful results  in  drawbridge  practice  need  not  follow  stereotyped  de- 
signs, providing  the  details  are  carefully  worked  out. 

The  Chicago.  Milwaukee  &  St.  Paul  Railway  has  now  in  service 
four  large  counterbalanced  swing  bridges,  and  has  under  way  three 
more.  These  are  generally  similar  to  the  one  illustrated  by  Fig. 
20,  which  shows  the  double  track  bridge  over  the  Menominee  river 
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in  JMilwaukee.  the  long  arm  being-  143 >1>  feet  in  lenoth.  I  Mans  are 
now  being;  made  for  a  similar  bridge  to  replaee  the  bridge  over 
the  north  branch  of  the  Chicago  river,  near  Kinzie  street,  in  which 
the  long  arm  will  l)e  197  feet  and  the  slmrt  arm  (/>  feet. 


FIG    20 — SWING    SPAX,    C.     M.    &    ST.    P.    RY.,    MILWAUKEE.       COUNTERBALANCE    OVER- 
HEAD  AT   LEFT-HAND    END.         BASCULE    BRIDGE    FOR   CITY,   BEYOND. 

Mr.  Aiulrcii's  Alien:  The  writer  is  in  entire  accord  with  Mr. 
Cartlidge  in  regard  to  the  importance  of  riveted  members  and  con- 
nections in  a  draw  span:  Eye  bars  should  oi>ly  be  used  where 
they  are  large  enough  and  have  enough  constant  dead  load  strain 
to  be  perfectly  stifif.  The  two  arms  may  frequently  be  built  to  ad- 
vantage as  separate  riveted  spans,  and  then  connected  over  the 
center  by  eye  bars ;  the  writer,  however,  does  not  see  any  par- 
ticular use  in  making  the  two  arms  discontinuous  under  live  load. 
The  maximum  stresses  in  the  continuous  bridge  are  not  difficult 
to  determine,  and  the  amount  of  metal  is  not  sensibly  affected  by 
figuring'  the  bridge  as  a  continuous  girder.  At  the  same  time  the 
additional  machinery  and  power  for  making  the  arms  discontin- 
uous when  closed  nnist  make  a  considerable  addition  to  the  cost 
of  the  machinery,  and  the  cost  of  operation.  The  time  of  opera- 
tion must  also  be  largely  increased,  and  so  far  as  the  writer  can 
see  there  would  be  no  resulting  gain  tliat  could  not  be  accom- 
plished far  n-.ore  economically  by  the  use  of  an  end  lift  of  sufficient 
power  to  prevent  hammering. 

As  a  corollary  to  the  requirement  of  riveted  joints  and  stiff 
members,  the  writer  would  also  advocate  the  use  of  the  Warren 
truss,  which  carries  the  stresses  more  directly,  is  generally  more 
economical  of  metal,  and  requires  less  field  riveting  than  the  Pratt 
truss. 


Discussion — Design  of  Szving  Bridges. 


CLOSURE. 


Mr.  C.  H.  Cartlidgc:  The  author  cannot  repress  a  feeling  of 
gratification  that  the  discussion  of  this  paper  has  been  so  full  and 
desires  to  express  his  thanks  to  those  who  have  so  ably  taken  part 
in  the  discussion.  The  value  of  any  paper  is  greatly  enhanced  by 
discussion  of  this  character. 

In  general,  it  may  be  said  that  the  designs  shown  by  the  author 
have  been  commended,  although  in  several  points  it  appears  from 
the  discussion  that  better  details  have  been  devised. 

It  is  sometimes  the  case  that  a  designer  has  developed  a  certain 
set  of  details  which  is  more  or  less  distinctive  and  which  there 
seems  to  be  a  tendency  to  uphold  and  defend  to  the  exclusion  of 
others.  This  is  rather  a  hard  statement  and  yet  it  is  one  which  is 
worthy  of  consideration.  It  is  evident  that  it  should  be  the  aim 
of  every  designer  to  sink  his  personal  predilections  and  approach 
a  problem  of  .design  with  a  mind  open  to  good  suggestions  from 
every  source. 

The  value  of  this  paper  and  discussion,  therefore,  lies  in  the  op- 
portunity presented  for  making  a  selection  from  among  several 
designs  for  the  principal  details.  The  writer  has  felt  throughout 
that  such  details  as  were  shown  in  the  original  paper  are  there  for 
criticism,  and  that  whether  they  be  good  or  bad  they  would  require 
no  defense.  At  the  same  time  it  is  a  fact  that  it  is  not  clear  in 
all  cases  just  what  the  operation  of  some  of  these  details  is.  and 
certain  of  these  misapprehensions  will  be  mentioned  and  ex- 
plained in  closing. 

In  the  matter  of  design  of  center,  ?\Ir.  Schneider  refers  to  the  ab- 
sence of  means  for  adjusting  the  height  between  the  pivot  and  truss. 
This  is  taken  care  of  in  the  design  shown,  by  means  of  large  shim 
plates.  These  may  be  put  in  without  any  difficulty  by  jacking 
under  the  transom  beams.  Plates  are  provided  for  this  purpose 
and  shipped  with  the  span. 

One  statement  in  Mr.  Kunz's  discussion,  in  which  he  refers  to 
the  uneven  wear  of  the  rollers,  is  not  in  accordance  with  the  au- 
thor's experience,  inasmuch  as  each  span  moves  through  90'  and 
it  is  possible  to  so  design  the  drum  that  it  may  be  loaded  on  eight 
points.  It  is  not  difficult  to  so  manage  that  each  roller  receives  at 
some  time  the  same  load  as  any  other.  As  a  matter  of  fact  the  ex- 
tended maintenance  of  several  bridges  of  this  character  has  devel- 
oped no  such  difficulty  with  the  rollers  under  the  drum  as  is  re- 
ferred to,  wb-ile  the  difficulty  with  a  roller  bearing  center  is  not 
a  matter  of  theory  but  of  actual  experience  in  several  instances. 
The  replacing  of  these  rollers  under  the  drum  is  a  matter  of  no 
difficulty  whatever  as  one  or  two  rollers  may  be  taken  out  without 
jacking  the  span  or  disturbing  any  part  of  the  frame  further  than 
taking  off  the  inner  channel,  the  two  channels  being  bolted  to- 
gether with  turned  bolts.     In  this  connection  the  author  wishes  to 
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corroborate  the  statement  made  by  Mr.  Strobel  that  in  case  cone 
bearincrs  are  used  they  should  be  rigidly  held  in  stiff  rings  so  con- 
nected as  to  prevent  skewing  of  the  cones. 

Mr.  P»ainbridge's  discussion  of  lubricants  is  particularly  valu- 
able. 

In  the  matter  of  the  end  lift  the  most  serious  indictment  which 
has  been  brought  against  the  one  shown,  seems  to  be  that  it  is  not 
one  which  we  would  use  under  a  fixed  span,  yet  it  is  evident  that 
a  draw  span  does  not  require  at  its  outer  ends  as  rigid  bearings  as 
are  needed  for  a  fixed  span.  It  is  evident  from  the  discussion  that 
an  end  lift  combining  all  the  essentials  has  not  yet  been  devised 
and  it  is  hoped  that  a  form  will  be  devised  which  will  combine  the 
advantages  of  all  those  shown  and  mentioned  in  the  paper  and  dis- 
cussion. 

Mr.  Allen's  discussion  of  the  work  of  lifting  by  means  of  these 
single  toggles  as  compared  by  the  work  done  by  wedges  apparent- 
ly neglects  the  greater  frictional  resistance  offered  by  the  wedges. 
The  design  which  he  has  shown  is  however  thoroughly  efficient  as 
it  provides  for  centering  the  span  and  furnishes  a  flat  bearing. 

There  seems  to  have  been  a  misconception  of  the  action  of  the 
rail  lift  shown  and  a  decided  difference  of  opinion  as  to  the  value 
of  allowing  the  rail  to  drop  after  the  span  has  been  centered. 
When  it  is  recalled  that  the  span  is  centered  by  no  form  of  end 
lift  until  the  lifting  has  been  completed,  it  becomes  evident  that 
the  rail  cannot  fall  exactly  into  place  imtil  then.  The  device 
shown  which  is,  so  far  as  the  writer  is  aware,  original  with  Mr. 
Morison.  holds  the  rail  in  its  highest  position  until  the  span  has 
been  lifted  to  full  height  and  in  exact  position  and  then  allows  it 
to  fall  with  enough  cf  a  shock  to  drive  it  into  place  without  any 
difficulty.  Frequent  inspection  of  the  working  of  this  has  not 
shown  the  necessity  for  sending  a  man  to  the  end  of  the  bridge  to 
bring  the  rails  to  position.  The  preference  on  the  part  of  several 
for  the  practice  of  fastening  the  rails  to  the  lift,  and  pulling  them 
back  into  position  seems  to  the  writer  unwarranted.  Lift  rails  if 
mitered.  as  they  should  be  and  so  connected  may  and  often  do 
catch  on  the  fixed  rails  and  either  cause  a  stoppage  of  the  machin- 
ery or  breakage  of  some  part.  The  rails  of  all  draw  spans  de- 
signed by  the  author  are  mitered  as  shown  and  no  perceptible 
shock  is  occasioned  by  passing  trains :  the  long  miter  providing 
very  well  for  expansion. 

It  is  possible  that  the  sliding  joint  shown  by  several  of  those  dis- 
cussing the  paper  offers  less  chances  for  derailment  than  with  lift 
rails,  in  spans  not  interlocked.  It  is  fact,  however,  that  unless 
the  span  be  centered  accurately  no  form  of  rail  joint  is  of  any 
value.  It  therefore  follows  that  unless  the  span  be  interlocked 
with  the  rail  operating  mechanism  in  such  a  manner  that  the  sig- 
inals  cannot  be  cleared  until  the  rails  are  exactly  in  line  no  assur- 
ance of   safctv  can   be  had.     Further   than   thi>  and   most   impor- 
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tant  of  all,  is  the  fact  that  absolute  safety  demands  not  only  the 
interlocking  of  the  span  with  the  signals,  l3Ut  also  the  interlocking 
of  the  signals  with  a  positive  derailing  device.  Human  frailty  and 
liability  to  error  render  any  other  solution  inadequate. 

It  is  evident  that  if  the  draw  span  be  protected  by  positive  de- 
rails and  these  interlocked  in  such  a  manner  that  the  track  cannot 
be  cleared  until  the  span  is  centered  and  the  rails  dropped  in  line, 
absolute  safety  will  be  attained  and  trains  may  be  run  over  the 
bridge  at  any  desired  speed.  Such  interlocking  is  possible  with 
either  design  of  rail  lifts  or  joints  advocated,  and  neither  has  any 
advantage  of  safetv  over  the  other  without  it. 


CONCRETE  PIPE  CULVERTS. 

O.  P.  Chamberlaix,  m.  w.  s.  e. 

Presented  December  j,  ipo6. 

The  use  of  pipes  for  culverts,  where  comparatively  small  water- 
ways are  required  through  road  or  railroad  embankments  has, 
duing  the  past  fifteen  vears,  been  steadily  increasing-.  In  modern 
railroad  construction  the  use  of  pipes  for  small  openings  is  almost 
universal.  In  reconstruction  \vork  on  established  railroad  lines 
all  wooden  box  culverts  and  many  dry  stone  box  culverts  are  gradu- 
ally being  replaced  by  pipe  culverts.  It  is  now  regarded  as  the 
best  engineering  practice,  for  waterways,  where  areas  of  cross 
section  may  range  from  one  to  thirty-six  square  feet,  to  use  pipes, 
either  of  cast  iron,  concrete  or  vitrified  terra  cotta,  to  carry  small 
streams  and  surface  drainage  though  road  and  and  railroad  em- 
bankments. 

In  the  use  of  pipe  culverts  of  varying  construction,  the  type  that 
has  thus  far  given  entire  satisfaction  has  been  that  constructed 
of  ordinary  cast  iron  pressure  pipes  with  bell  and  taper  ends  laid 
generally  in  twelve  foot  sections  without  caulking  at  the  joints. 
This  particular  form  of  culvert  commends  itself  to  railroad  en- 
gineers on  account  of  its  permanency,  cheapness  of  maintenance 
and  the  ease  with  which  it  is  installed.  The  use  of  such  culverts, 
while  economical  in  the  long  run.  involves  a  heavy  initial  cost  com- 
pared with  the  cost  of  wooden  boxes  and  other  types  of  small  cul- 
verts. Recent  experiments  with  concrete  pipes  have  given  rise  to 
the  hope  that  with  them,  satisfactory  culverts  may  be  constructed 
whose  first  cost  will  be  but  a  fraction  of  the  cost  of  iron  pipe  cul- 
verts and  which  at  the  same  time  can  be  as  economically  maintained 
as  the  last  mentioned  type.  To  invite  discussion  of  the  possibilities 
of  concrete  pipe  culverts  and  to  encourage  broadening  the  field 
of  experiment  with  this  type  of  culvert  is  the  purpose  of  this  paper. 

Both  vitrified  terra  cotta  and  concrete  pipes  have  been  looked 
upon  as  failures  by  many  of  our  railroad  engineers.  While,  in  this 
country,  the  use  of  concrete  pipes  for  railroad  culverts  has  been 
comparatively  insignificant,  there  was  a  period  when  for  several 
consecutive  seasons  many  of  the  railroads  put  under  their  tracks 
so  called  "double  thick"'  vitrified  pipe  culverts.  This  attempt  to 
reduce  the  initial  cost  reacted  forcibly  on  the  maintenance  of  way 
way  departments  of  these  roads.  Crushed  and  closed  up  vitrified 
pipe  culverts  increased  the  burdens  of  bridge  supervisors,  road- 
masters  and  section  men  and  were  immediately  responsible  for  many 
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washouts.  During  the  past  few  years  the  bridge  departments  of 
these  roads  have  been  assiduously  employed  in  removing  the  bro- 
ken remains  and  replacing  them  with  cast  iron  pressure  pipes. 
or  in  emergencies,  with  wooden  boxes. 

A  form  of  concrete  pipe  of  small  diameter  has  long  been  used 
on  the  continent  of  Europe  and  more  recently  in  America  for  small 
sewers  and  culverts.  A  longitudinal  section  of  this  forme  of  pipe 
showing  the  character  of  the  joint  is  shown  in  Figure  i.  For  very 
small  drain  pipes,  of  from  two  to  four  inches  inside  diameter,  they 
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have  stood  fairly  well.  For  larger  diameters,  particularly  where 
subjected  to  varying  vertical  pressure,  they  have  not  been  satis- 
factory. The  weak  joints  are  unable  to  withstand  the  vertical  dis- 
tortion consequent  upon  this  varying  pressure  and  fractures  at, 
and  adjacent  to  the  joints,  have  destroyed  the  integritv  of  the  sewers 
or  culverts. 

One  of  the  principal  claims  of  the  pipe  culvert  for  recognition, 
on  economic  grounds,  is  that  it  can  be  laid  in  the  bed  of  the  water- 
way on  or  near  the  natural  surface  of  the  bed  of  the  stream  without 
any  foundation  having  been  built  for  it.  When  laid  in  this  man- 
ner, it  is  evident  that,  in  ordinary  soils,  the  culvert  will,  though 
laid  to  a  uniform,  straight  grade  line,  ultimately  be  depressed  more 
in  the  center  of  the  embankment  than  at  the  sides  and  assume  a 
grade  line  that  is  a  vertical  curve  concave  on  its  upper  side.  Any 
pipe  laid  as  described  above  must  meet  this  condition  by  having 
slight  flexibility  or  play  at  the  joints. 

Within  the  past  few  vears,  amidst  the  great  increase  in  the  use 
of  concrete  in  engineering  construction  and  in  the  diversity  of  its 
usoA  the  attention,  both  of  engineers  and  manufacturers  has  again 
be<!i;  f'>rned  to  the  possibility  of  building  satisfactory  concrete  pipe 
culverts,  particularly  for  use  in  railroad  embankments.  Resulting 
from  their  efiforts,  two  distinct  forms  of  so  called  concrete  pipe 
culverts  have  been  produced:  first,  a  continuous  pipe,  without  joints. 
built  through  the  embankment,  the  forms  being  laid  in  place  and 
the  work  of  putting  in  the  concrete  being  conducted  on  the  culvert 
site,  the  character  of  the  work  being  similar  to  the   construction 
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of  an  ordinary  concrete  arch  or  sewer  ;  second,  a  type  of  pipe  which 
is  built  or  moulded  in  sections  at  some  central  manufacturinsr  plant, 
whence  it  mav  be  transported  to  the  culvert  site,  and  placed  in 
service  by  simplv  connecting  the  sections  in  place  and  fiUinp:  in 
around  the  pipe,  in  the  same  manner  that  cast  iron  pipe  is  handled. 
Figure  2  shows  a  copy  of  the  working  drawings  for  some  cul- 
verts of  the  first  type  as  built  on  one  of  the  western  railroad  lines. 
In  the  opinion  of  the  author  it  has  no  .economic  features  to  rec- 
ommend it.     The  base  is  broadened  to  form  a  foundation  and  the 


culvert  resembles  a  pipe  only  in  that  the  cross  section  of  the  open- 
ing is  approximately  a  circle.  Its  erection  requires  the  same 
method  of  construction,  involving  the  transportation  of  the  raw 
materials  to  the  culvert  site,  and  the  prosecution  of  the  work  by 
skilled  mechanical  labor,  that  is  required  in  any  arch  culvert,  while 
a  semicircular  arch  culvert  of  the  same  sectional  area  would  be  in 
everv  way  as  substantial,  and  the  forms  for  its  erection,  as  well 
as  the  culvert  itself,  could  be  built  and  handled  more  cheaply  than 
the  type  of  culvert  shown  in  Figure  2. 

Without  further  consideration  of  this  first  type,  let  us  discuss 
the  second,  w^hich  is,  in  fact  as  well  as  in  name,  a  concrete  pipe; 
manufactured  at  the  factory,  distributed  and  transported  thence 
to  the  various  sites  where  culverts  are  to  be  installed.  In  the  au- 
thor's opinion,  assuming  that  it  is  feasible  to  build  and  install  con- 
crete pipes  of  the  second  type  strong  enough  to  resist  the  external 
pressure  due  to  high  embankments  and  heavy  traffic,  there  are  four 
essential  conditions  which  must  be  successfully  met,  the  first  two  in- 
volving the  economical  manufacture  of  the  concrete  pipes,  and 
the  third  and  fourth  their  permanency  and  integrity  after  their  in- 
stallation as  culverts.     Thev  are  as  follows : 
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1.  The  concrete  pipes  for  a  considerable  district  should  be 
manufactured  at  a  central  station  or  factory. 

2.  The  concrete  forms  must  be  of  such  a  character  that  the 
freshly  mixed  concrete  can  be  run  in  from  the  top,  each  pipe  being 
moulded  or  built  in  a  vertical  position,  that  is  "on  end." 

3.  The  pipes  must  be  so  constructed  as  to  allow  some  vertical 
displacement  so  that  the  culvert  may  assume  a  vertically  curved 
grade  line  without  fracture. 

4.  There  must  be  some  provision  for  expansion  lengthwise  of 
the  culvert. 

Figure  3  shows  a  pipe  which  is  being  manufactured  and  placed 
on  the  market  as  a  commercial  proposition  by  a  company  which 
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is  advocating  the  use  of  these  pipes  for  sewers  and  culverts.  It 
contains  a  reinforcement  of  four  or  five  flat  longitudinal  iron  or 
steel  bars  together  with  circular  hoops  which  are  built  into  the 
walls  of  the  pipes.     The  longitudinal  straps  are  hooked  at  each 
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end.  After  the  pipes  are  in  place,  end  to  end,  the  adjacent  lengths 
are  joined  by  running  a  joint  hoop  through  these  hooks  at  the  ends 
of  the  bars  of  adjacent  sections  and  then  making  up  the  joint  to 
the  same  thickness  as  the  rest  "Of  the  culvert  with  cement  mortar. 
There  is  no  provision  for  either  expansion  or  vertical  displacement. 
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One  of  the  experimental  culverts  tried  on  one  of  our  railroads 
was  built  substantially  as  shown  in  Figure  4.  The  outside  of  each 
length  of  pipe  was  tapered  at  one  end  and  the  opening  correspond- 
ingly spread  at  the  other.  The  pipes  were  installed  by  simply  in- 
serting the  taper  end  of  one  length  into  the  flared  end  of  the  ad- 
joining length.  The  results  of  experiments  with  these  culverts 
were  not  satisfactory,  as  the  pipes  failed  by  fracture  at  and  near  the 
joints  during  settlement,  there  being  no  provision  for  vertical  dis- 
placement without  fracture. 

During  the  past  summer  the  author  built  a  number  of  culverts, 
using  the  very  simplest  form  of  pipe,  a  hollow  cylinder  whose  bases 
are  at  right  angles  to  its  axis.    A  number  of  these  pipes  are  shown 


Fig- 5 


in  Figure  5  which  is  reproduced  from  a  photograph  taken  at  the 
site  of  manufacture.  These  pipes  were  built  of  an  inside  diameter 
of  four  feet  and  an  outside  diameter  of  five  feet  making  the  walls 
of  the  pipes  six  inches  in  thickness.  These  pipes,  which  resemble 
in  shape  the  hollow  clay  tiles  used  for  tile  drains,  have  been  placed 
in  low  embankments  where  their  tops  are  but  eighteen  inches' 
below  the  under  sides  of  the  cross  ties.  They  were  simply  placed 
end  to  end  in  shallow  ditches  conforming  with  the  outside  surface 
of  the  pipes  as  nearlv  as  it  could  be  done  by  picks  and  shovels  and 
the  back  and  top  filling  of  the  earth  embankment  thoroughly 
tamped  around  and  above  the  pipes.  Thus  far  they  have  given 
satisfactory  service  under  heavy  freight  traffic.  They  have  not. 
however,  been  in  use  long  enough  to  ensure  their  being  an  unqiwl'- 
fied  success. 
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Figure  6  is  a  reproduction  of  the  working  drawings  from  which 
the  forms  used  in  the  construction  of  these  pipes  were  built.  Both 
forms  are  of  wood,  of  ordinary  wooden  tank  construction.  The 
inner  form  has  one  wedge  shaped  loose  stave  which  is  withdrawn 
after  the  concrete  has  set  for  about  twenty  hours,  thus  collapsing 
the  inner  form  and  allowing  it  to  be  removed.  The  outer  form 
is  built  in  two  pieces  with  heavy  semicircular  iron  hoops  on  the 
outside,  the  hoops  having  loops  at  the  ends.  When  the  two  sides 
of  the  outer  form  are  in  position,  the  loops  on  one  side  come  into 
position  just  above  the  loops  on  the  other  side,  and  four  steel  pins 
are  inserted  in  the  loops  to  hold  the  two  sides  together  while  the 
form  is  being  filled  with  concrete  and  while  the  concrete  is  setting. 
After  the  inner  form  has  been  removed,  the  two  pins  in  the  same 
vertical  line  are  removed  and  the  form  opened  horizontally  on  the 
hinges  formed  by  the  loops  and  pins  on  the  opposite  side.  The 
inner  and  outer  forms  are  then  ready  to  be  set  up  for  building  an- 
other pipe. 

These  pipes  were  built  under  a  derrick  and  loaded  by  means  of 
the  derrick  upon  flat  cars  for  transportation.  At  the  culvert  site 
they  were  unloaded  and  put  in  by  an  ordinary  section  gang  with 
no  appliances  other  than  skids  to  remove  the  pipes  from  the  cars. 

As  each  four  foot  section  of  this  pipe  weighs  about  two  tons,  it 
was  not  deemed  expedient  to  build  sections  of  a  greater  length  than 
four  feet,  to  be  unloaded  and  placed  by  hand.  On  a  trunk  line, 
however,  where  a  derrick  car  is  available  for  unloading  and  plac- 
ing the  pipes,  there  is  no  reason  why  they  should  not  be  built  in 
six  or  eight  foot  sections. 

The  concrete  used  in  manufacturing  these  pipes  was  composed 
of  American  Portland  cement,  limestone  screenings  and  crushed 
limestone  that  had  passed  through  a  3-4  inch  diameter  screen  after 
everything  that  wotild  pass  through  a  1-2  inch  diameter  screen 
had  been  removed.  The  concrete  was  mixed  in  the  proportions  of 
one  part  cement  to  three  and  one-half  parts  each  of  screenings 
and  crushed  stone.  All  work  except  the  building  of  the  forms 
was  performed  by  common  laborers.  The  cost  of  these  pipes  built 
under  these  conditions  was  $2.50  per  lineal  foot.  This  high  price 
was  due,  in  part,  to  the  small  scale  on  which  the  work  was  carried 
on,  and  amounts  to  $9.62  per  cubic  yard  for  the  cost  of  the  concrete. 
It  should  be  possible  to  manufacture  these  pipes  in  quantities, 
using  enough  forms  to  keep  one  or  two  laborers  steadily  at  work, 
for  seven  dollars  per  cubic  yard,  including  the  cost  of  forms.  This 
is  equivalent  to  $1.83  per  lineal  foot  of  four  feet  inside  diameter 
concrete  pipe.  The  cost  of  the  lightest  cast  iron  pipe  of  the  same 
diameter  is  S9.75  per  lineal  foot. 

The  following  table  shows  the  comparative  weights  and.  cost 
of  concrete  and  "Standard"  cast  iron  pipes  from  one  foot  up  to 
four  feet  in  diameter ;  it  is  based  on  the  above  price  of  $7.00  per 
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cubic  yard    for  concrete   and    iVg    cents   per   pound    for   cast   iron 
pipes. 

Table  Showing  Relative  Thickness,  Weights,  and  Cost  of 
"STANnAPD"  Cast  Iron   Pipe  and  Concrete  Pipe. 

Size  and  kind  Thickness  Weight  lbs.  Cost  per 

of  Pipe  in  inches  per  lin.    ft.  lin.  ft. 

12  in.  diam.  cast  iron ' 0  33  64  75  $  1.22 

12   "       "       concrete 2  88  0.16 

IS  in.      ••       cast  iron 0  47/64  167  2.72 

18   "       "       concrete 3  220  0.36 

24  in.       "       cast  iron 1  250  4.07 

24   "        "       concrete 4  14  420  0.68 

30  in.      "       cast  iron 1   1  Hi  334  5.43 

30   "       "       concrete 4  1/2  602  0.88 

36  in.  cast  iron 1   18  450  7.32 

36  "         ■       concrete 4  34  676  1.10 

42  in.       ■       cast  iron 138  600  9.75 

42    •'  concrete 5  34  960  1.55 

48  in.      '•      cast  iron 17/16  725  11.78 

4S   ■■        ••      concrete <>  ll.Sl  1.83 

In  the  above  table  the  thickness  for  concrete  pipes  of  various 
diameters  have  been  taken  as  approximately  proportional  to  the 
thickness  of  "Standard""  cast  iron  pipes  of  the  same  diameter,  the 
four  feet  diameter  pipes  being  used  as  a  basis  for  calculation. 

The  first  cost  of  concrete  pipes  at  the  place  of  manufacture 
would,  according  to  the  above  table,  be  less  than  one-sixth  of 
the  cost  of  cast  iron  pipes.  The  cost  of  transportation  and  of  in- 
stalling the  pipes  would,  on  account  of  the  greater  weight  and 
greater  number  of  pieces,  probably  be  very  nearly  double  for  con- 
crete pipes,  what  the  same  service  would  cost  for  cast  iron  pipes. 

On  account  of  the  lack  of  reliable  data  regarding  this  cost  the 
author  is  unable  to  give  a  fair  comparative  estimate  of  the  cost 
of  the  two  styles  of  culverts  in  place.  However,  since  transporta- 
tion and  installation  of  iron  pipes  is  but  a  small  proportion  of  the 
cost  of  the  completed  culverts,  it  is  evident  that  cost  of  a  concr-ete 
pipe  culvert  in  place  would  be  but  a  small  fraction  of  the  cost  of 
a  cast  iron  pipe  culvert  of  the  same  diameter,  provided  the  pipes 
were  hauled  onlv  moderate  distances. 

A  tvpe  of  concrete  pipe  which  has.  after  considerable  experi- 
menting, been  designed  bv  Mr.  C.  H.  Cartlidge  of  this  Society  and 
adopted  bv  him  for  use  on  the  C,  B.  &  Q.  Ry.,  is  shown  in  Figure 
7.  This  tvpe  of  pioe  has  been  made  in  sizes  of  two.  three  and  four 
feet  inside  diameter.    It  has.  in  the  opinion  of  Mr.  Cartlidge,  passed 
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the  experimental  stage  and  is  being  used  extensively  on  the  C,  13. 
&  Q.  Ry.  This  pipe  is  heavily  reinforced  by  corrugated  steel  bars, 
the  annular  bars  being  so  curved  and  placed  as  to  be  near  the  in- 
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side  at  the  top  and  bottom  of  the  culvert,  and  close  to  the  outside 
on  the  sides  of  the  pipe,  so  as  to  gain  the  greatest  efficiency  from 
the  tensile  strength  of  the  reinforcing  bars. 

The  shape  of  these  pipes  is  very  nearly  that  of  the  ordinary 
cast  iron  pipes,  the  bell  and  taper  ends  being  as  nearly  like  those  of 
the  cast  pressure  pipes  as  the  nature  of  the  materials  will  admit. 
The  provisions  for  expansion  and  vertical  depression  are  ample. 

When  we  consider  the  expenditures  made  annually  for  pipes  to 
be  used  as  culverts,  the  importance  of  securing  a  satisfactory  cheap 
substitute  for  cast  iron  pipes  is  of  the  highest  importance,  and 
while  the  author  regards  what  has  already  been  done  in  this  line 
as  experimental,  the  subject  is  one  that  cannot  but  be  of  interest 
to  all  bridge  engineers  and  engineers  of  maintenance  on  our  rail- 
roads. 

In  conclusion  the  author  wishes  to  express  his  thanks  to  Mr. 
Cartlidge  for  the  valuable  plans  and  other  data  relative  to  the 
culverts  designed  by  him  for  use  on  the  C,  B.  &  O.  Ry.  furnished, 
for  use  in  the  preparation  of  this  paper. 

Discussion. 

Mr.  C.  H.  Cartlidge:  I  have  been  much  interested  in  Mr.  Cham- 
berlain's paper,  first,  because  I  am  in  the  same  business,  myself, 
but  particularly  because  we  are  working  on  somewhat  parallel 
lines,  yet  slightly  divergent;  his  pipe  is  plain  concrete,  while  we 
are  experimenting  with  reinforced  concrete.  I  propose  to  make 
some  comparisons  between  the  relative  economy  of  plain  concrete 
and  reinforced  concrete,  and  the  additional  strength  to  be  gained 
by  reinforcing. 

The  C,  B.  &  Q.  pipe  illustrated  is  4  in.  thick.  The  pipe  de- 
signed by  Mr.   Chamberlain,  and  illustrated,   is  6  in.  thick.     The 
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difference  in  cross  section  of  the  two  pipes  is  approximately  2^^ 
square  feet.  It  is  provable  that  that  concrete  can  be  built  for  less 
than  twenty-five  cents  per  ft. — perhaps  twenty  cents.  This  price 
is  probably  as  low  as  can  be  obtained.  There  is  in  Mr.  Chamber- 
lain's pipe  fifty  cents  worth  per  ft.  more  than  in  the  C,  B.  &  Q. 
pipe.  There  should  be,  to  get  the  benefit  of  the  concrete  which  is 
in  that  pipe,  nearly  200  pounds  in  the  length  of  a  pipe,  our  lengths 
being  8  feet.  That  means  that  there  should  be,  per  ft.  of  pipe, 
about  25  pounds.  I  think  that  that  steel  can  be  put  into  concrete 
at  not  to  exceed  3  cents  per  lb.,  making  75  cents  per  ft.  of  pipe. 
We  have  taken  away  50  cents  worth  of  concrete  and  added  75 
cents  worth  of  steel,  faking  an  additional  cost  of  25  cents  over 
what  Mr.  Chamberlain  gives,  if  we  can  handle  our  concrete  at  the 
same  price. 

It  is  a  very  difficult  matter  to  figure  the  strength  of  a  concrete 
ring  under  an  earth  enbankment.  for  the  fact  that  neither  loads 
nor  reactions  are  obtainable.  We  cannot  make  anything  more 
than  a  guess  at  what  they  may  be.  But  in  figuring  these  as  slabs 
the  4  in.  reinforced  concrete  slabs  should  have  about  four  times 
the  strength  of  the  6  in.  plain  concrete  slabs,  so  that,  for  an  addi- 
tional cost  of,  say,  25  cents  per  ft.  we  have  gained  three  times  the 
strength  of  the  plain  concrete  pipe.  Moreover,  while  it  is  quite 
necessary,  in  long  lengths,  to  handle  plain  concrete  pipe  with  a 
derrick,  it  is  not  necessary  to  handle  reinforced  concrete  pipe  in 
that  way.     This  makes   considerable  saving. 

What  has  just  been  said  refers  to  the  saving  in  material  to  be 
gained  by  the  use  of  reinforcement.  It  is  true  that  a  reinforced 
pipe  cannot  be  built  as  cheaply,  in  labor  expense,  as  the  plain  pipe, 
but  when  the  great  increase  in  strength  is  considered  it  is  money 
well  spent.  It  is  also  true  that  the  reinforced  pipe  effects  an  econ- 
omy of  from  one-half  to  two-thirds  the  cost  of  iron  pipe. 

Mr.  Chamberlain  has  set  forth  the  comparative  economy  of  con- 
crete and  cast  iron  pipe  very  thoroughly,  but  the  saving  in  cost 
per  ft.  is  not^quite  so  easily  grasped  as  the  total  saving  in  a  par- 
ticular case.  For  instance,  on  the  C,  B.  &  O.  Ry.  there  has  been 
recommended  for  next  years'  work  an  amount  of  pipe  which,  in 
cast  iron  would  cost  about  $40,000  more  than  concrete  pipe. 

Mr.  A.  J.  Saxe,  m.  w.  s.  e.  I  would  like  to  ask  whether  this 
reinforcing  will  be  lasting?  At  a  recent  meeting  of  this  society 
one  of  the  questions  discussed  was  the  life  of  the  iron  inside  of  the 
concrete  where  it  was  subject  to  moisture;  in  the  culvert  it  cer- 
tainly is  subject  to  moisture.  Would  that  be  a  detriment  in  this 
case?  That  being  the  case,  this  reinforced  pipe  would  not  be  as 
good  as  clear  concrete  pipe  in  a  few  years  hence. 

Mr.  Cartlidge:  In  regard  to  the  point  brought  out  by  Mr.  Saxe 
— ^the  corrosion  of  the  iron  in  the  pipe.  I  have  taken  steel  bars 
out  of  the  concrete  which  have  been  embedded  for  about  twenty- 
two  years,  and  they  had  the  original   scale   on.     These  bars  had 
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been  exposed  to  the  water,  but  not  as  much  as  they  would  be  in 
concrete  pipes. 

In  regard  to  adhesion,  I  think  it  is  quite  hkely  that  the  salts  that 
originally  gripped  the  concrete  may  be  dissolved,  and  the  necessity 
for  mechanical  bond  is  much  more  apparent.  That  is  true.  Our 
practice  has  been  to  use  only  deformed  bars. 

Prof.  A.  X.  Talbot,  m.  w.  s.  e.  Perhaps  a  word  or  two  may 
not  be  out  of  place  on  the  subject  of  the  loads  which  come  upon  con- 
crete rings,  or  rings  subject  to  earth  pressure  and  the  stresses  de- 
veloped in  them.  As  was  suggested  by  Mr.  Cartlidge,  it  is  quite 
difficult  to  determine  the  exact  load,  and  the  distribution  of  the 
load  on  a  culvert  in  an  earth  embankrrient  is  uncertain.  There  is 
a  wide  variation  in  the  way  in  which  the  earth  filling  is  put  on  the 
pipe;  also  a  great  difference  in  the  soil  or  material  used.  If  the 
filling  is  done  in  such  a  way  that  it  drops  on  the  top  of  the  pipe, 
falling  to  the  side  afterward  and  against  the  ends  of  the  embank- 
ment already  formed  there,  there  may  be  an  arch  action,  of  course, 
w^hich  will  relieve  the  pressure  upon  the  culvert  itself.  If  the  ma- 
terial is  sand,  we  may  expect  a  horizontal  pressure  to  act  against 
the  pipe  which  will  greatly  relieve  the  tensile  stresses  in  the  pipe. 
On  the  other  hand,  in  the  careless  filling  over  such  a  pipe  the  fill- 
ing may  be  done  from  one  side  only,  and  this  may  give  a  pressure 
on  the  pipe  from  an  oblique  direction,  which  is  especially  objection- 
able in  case  the  pipe  is  reinforced  merely  against  a  vertical  load. 
However  the  load  may  be  distributed,  it  seems  proper,  in  making 
our  calculations,  to  consider  the  vertical  load  to  be  uniformly 
distributed  horizontally  over  the  pipe.  I  think  it  must  be  true  also 
that  there  is  a  considerable  horizontal  pressure  exerted  against 
such  pipe.  I  am  more  decidedly  of  this  opinion  now  than  former- 
ly. ]My  opinion  has  changed  somewhat,  and  I  believe  that  the 
pressure  in  the  horizontal  direction  is  considerable,  although  there 
is  a  possibility  that  the  compression  of  the  adjacent  earth  by  this 
horizontal  pressure  may  be  diminished  with  the  adjustment  of  the 
filling  after  continued  wetting  and  drying  out,  and  the  new  condi- 
tions may  bring  a  release  of  this  horizontal  pressure  to  a  certain 
extent. 

If  we  know  the  distribution  and  amount  of  the  load,  both  ver- 
tically and  horizontally,  we  shall  be  able  to  tell  fairly  well  what 
bending  moment  comes  upon  the  pipe. 

For  a  concentrated  vertical  load  applied  along  the  top  element 
of  the  pipe  and  a  similar  su])port  along  the  bottom  element,  the 
maximum  bending  moment  is  about  one-sixth  Wl,  where  W  is  the 
total  load  on  the  pipe  and  i  the  diameter  at  the  middle  of  the  thick- 
ness of  the  pipe.  This  maximum  bending  moment  occurs  at  the 
extremities  of  both  the  horizontal  and  the  vertical  diameters,  the 
tensile  and  compressive  stresses  in  horizontal  sections  having  a 
different  position  from  that  which  they  occupy  in  the  vertical  sec- 
tion.    Between  these  sections  the  bendins:  moment  decreases  and 
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passes  through  zero  near  the  45'  points.  It  will  be  seen  that  this 
maximum  bending  moment  is  somewhat  less  than  that  for  a 
straight  supported  beam  with  load  in  the  middle,  which  is  34  Wl. 

If  we  consider  the  load  to  be  uniformly  distributed  over  a  hor- 
izontal plane  and  without  horizontal  pressure,  the  support  below 
being  of  the  same  nature,  the  maximum  bending  moment  may  be 
taken  to  be  one-sixteenth  Wl  and  to  be  this  amount  at  the  extrem- 
ities of  the  horizontal  and  vertical  diameters.  At  the  top  of  the 
pipe  tension  will  come  on  the  inner  face  and  for  the  horizontal  sec- 
tion it  will  be  at  the  outer  face.  Of  course,  the  compression 
caused  by  the  vertical  load  will  also  have  to  be  taken  into  consid- 
eration at  the  horizontal  section,  and  it  will  act  to  reduce  the  ten- 
sion at  this  section. 

If,  now.  we  consider  that  a  horizontal  |)ressure  also  exists  and 
that  this  pressure  is  distributed  uniformly  over  the  vertical  plane, 
the  bending  moments  developed  will  be  decreased,  and  for  the  load- 
ing under  consideration  the  larger  the  horizontal  pressure  the 
smaller  the  bending  moment  becomes,  reaching  zero  when  the  hor- 
izontal pressure  equals  the  vertical  pressure,  a  condition  equivalent 
to  uniformly  distributed  external  pressure.  At  the  same  time  the 
miximum  compression  due  to  the  combined  effect  of  bending  ac- 
tion and  compression  will  increase  until  at  the  hmit  cited  it  reaches 
the  simple  condition  for  a  cylinder  with  uniformly  distributed  ex- 
ternal load.  If  the  horizontal  pressure  is  one-fourth  of  the  verti- 
cal pressure  we  may  say  that  the  maximum  bending  moment  is 
three-fourths  of  that  for  vertical  pressures  alone,  making  it  ^  x 
one-sixteenth  Wl  =  three  sixty-fourths  \\\.  If  it  it  is  one-half  of 
the  vertical  pressure,  the  maximum  bending  moment  will  be  some- 
thing like  one-half  of  that  for  vertical  pressures  alone,  making  it 
1-32  W\.  If,  then,  we  knew  the  distribution  of  the  pressures,  the 
bending  moment  may  be  determined  without  difficulty.  The  mo- 
ment of  resistance  of  a  section  of  a  ring  cannot  be  taken  exactly 
as  for  a  plain  slab  or  straight  section :  the  curvature  brings  some 
complications:  but  that  can  be  gotten  at.  and  the  resisting  moment 
determined. 

\\  hen  we  come  to  consider  the  material  for  these  rings  and  its 
condition,  we  have,  in  the  case  of  the  cast-iron  pipe  referred  to.  a 
great  difference,  or  a  large  variation,  in  the  thickness  of  the  pipe  in 
different  parts  of  the  circumference. 

Pipe  which  may  be  obtained  at  the  j)rices  quoted  in  the  paper  is 
not  first-class  pipe  as  used  in  water-works  construction  :  it  is  not 
generally  even  pipe  that  would  be  counted  as  seconds.  A  pipe  was 
sent  to  me  the  other  day  for  testing  purposes — a  48  in.  cast  iron 
pipe — the  thickness  varied  from  ^  in.  in  one  place  to  i^  in.  in 
another  part  of  the  circumference.  This  was  in  some  respects  a 
representative  pipe.  It  got  out  of  center  in  the  making.  It  is 
plain  to  be  seen  that  such  pipe  will  not  stand  the  load  which  we 
would  naturallv  count  on  when  the  average  thickness  is  taken  from 
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the  weight  of  the  pipe  as  it  would  be  paid  for.  There  is  another 
difficulty  with  cast-iron  pipe,  in  the  effect  of  the  hub  upon  the 
strength. 

Coming  to  concrete  pipe,  we  may  make  it  of  plain  concrete  or 
reinforce  it.  If  made  of  plain  concrete,  it  of  course  will  stand  the 
loads  if  made  thick  enough  and  if  ordinarily  good  care  is  taken  in 
its  manufacture ;  but  there  is  more  need  of  care  in  the  manufacture 
of  the  concrete,  if  the  concrete  is  expected  to  take  tension, 
than  would  be  necessary  if  only  compression  is  put  upon 
the  concrete.  That  is  to  say,  some  little  fault  in  the  manufacture 
of  the  pipe  which  would  seriously  affect  its  strength  in  resist- 
ing tension,  will  not  have  the  same  effect  on  the  compression  side. 

A  difficulty  with  concrete  pipe  is  that  it  must  be  handled  care- 
fully while  being  put  in  place  and  until  the  filling  is  placed  over 
it.  Another  difficulty  is  that,  when  this  pipe  breaks,  it  breaks  as 
cast-iron  pipe  would  in  such  a  way  that  it  will  utterly  fail  unless  it 
is  held  by  strong  lateral  pressure,  and  that  failure  will  be  without 
the  warning  given  in  case  the  pipe  is  reinforced.  A  concrete  beam 
breaks  without  much  deflection  and  breaks  suddenly,  while  a  re- 
inforced concrete  beam  will  deflect  considerably  after  it  has  passed 
its  proper  load,  providing,  of  course,  it  is  not  over-reinforced. 

The  form  of  pipe  which  was  illustrated  by  lantern  slide  views, 
and  which  contains  a  reinforcement  placed  as  bands  at  the  middle 
of  the  thickness  of  the  pipe  close  to  the  neutral  axis,  has  for  its 
principal  advantage  over  plain  concrete  pipe  the  two  things  men- 
tioned,— that  it  may  be  handled  more  roughly  than  ordinary  con- 
crete pipe,  and  that  when  it  is  loaded,  it  will  deflect  much  more 
before  final  failure  than  plain  concrete  pipe.  If  concrete  pipe  is- 
to  be  reinforced,  however,  the  steel  should  be  placed  where  it  will 
take  the  tension,  at  the  lower  side  at  the  top  section  and  at  the  outer 
side  at  the  ends  of  the  horizontal  diameters.  It  is  not  necessary, 
of  course,  to  make  a  complete  circle  of  reinforcement.  It  may  be 
more  satisfactory  to  do  it  in  that  way,  although  it  would  serve  the 
purpose  to  carry  it  from  the  positions  of  maximum  bending  mo- 
ments a  short  distance  on  either  side,  leaving  the  portion  near  the 
45"  points  where  the  bending  moment  is  little,  or  not  large,  either 
without  reinforcement  or  with  a  small  amount. 

While  on  this  point  of  reinforcement,  let  me  suggest  that  the 
pipe  described  tonight,  used  by  the  C,  B.  &  Q.  Ry.,  may  have  its 
strength  materially  increased  by  merely  thickening  it,  say,  i  in.  at 
the  top  or  bottom  where  the  maximum  bending  moment  comes. 
This  can  be  done  on  the  outside,  or  even  on  the  inside  for  a  short 
distance,  without  much  decreasing  the  waterway.  You  will  under- 
stand that  the  steel  is  to  be  kept  at  the  same  distance  from  the  face 
of  the  concrete  as  in  the  original  pipe.  To  show  the  advantage  of 
this  you  will  note  that  the  moment  arm  of  the  couple  formed  by 
the  tension  in  the  steel  and  the  compression  in  the  concrete  is  some 
portion  of  the  distance  from  the  center  of  the  steel  to  the  compres- 
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sion  tace — say  85  per  cent.  That  in  the  pipe  described  was  some- 
thing less  than  3  in.  If  the  intervals  could  be  made  i  in.  more, 
\vc  should  have  this  amount  arm  4  in.,  and  the  resisting  moment  of 
the  pipe  v^ould  be  increased  in  this  proportion.  In  addition  to  the 
stresses  due  to  flexure,  there  is,  of  course,  a  compression  distrib- 
uted across  the  pipe  which  increases  the  compressive  stress  on  one 
side  of  this  beam,  and  decreases  the  tensile  stress,  just  as  in  a  long 
column  after  the  compressive  stress  is  calculated,  it  is  added  to  the 
stress  on  the  compression  side  and  subtracted  from  that  on  the 
tension  side. 

In  the  paper  reference  was  made  to  the  expansion  of  the  pipe. 
I  suppose  the  allowance  for  expansion  and  the  arrangement  for  tak- 
ing- it  will  depend  largely  upon  the  location.  There  is  an  interest- 
ing experiment  going  on  at  St.  Joseph,  Missouri,  where  last  win- 
ter there  w-as  put  in  several  hundred  feet  of  lines  of  sewer,  built 
with  the  kind  of  pipe  described  here, — the  Jackson  Sewer  Pipe 
Company's  pipe.  This  was  laid  in  the  winter,  joints  were  made  as 
described,  and  left  exposed.  The  sewer  was  laid  on  pile  and  tim- 
ber foundation  in  a  part  of  the  Missouri  river,  which  was  to  be 
filled  in.  The  terminal  company  did  this  work  in  order  to  reclaim 
quite  a  stretch  of  land  along  the  river.  There  were  perhaps  five 
or  six  lines  of  these  sewers,  ranging  from  four  to  six  feet  in  diam- 
eter, and  perhaps  three  hundred  to  four  hundred  feet  long.  Mr. 
S.  W.  Fox,  the  engineer  having  charge  of  the  work,  made  arrange- 
ments to  measure  the  length  of  this  pipe  to  see  what  the  effect  of 
change  of  temperature  w'ould  be  through  the  winter  and  sum- 
mer. At  that  time  he  was  quite  certain  that  the  filling  would. all 
be  done  before  summer  came,  but  the  work  had  not  been  com- 
pleted last  summer,  and  I  understand  no  change  was  found  in  the 
length  of  pipe.  Of  course  w^e  have  a  somewhat  different  condition 
in  the  case  of  sewers,  in  that  the  water  flowing  through  is  at  z 
nearly  constant  temperature,  and  the  pipe  itself  is  not  as  cold  as  it 
would  be  otherwise.  But  it  leads  one  to  wonder  how  much  of  an 
allowance  is  necessary  in  the  case  of  pipe  under  embankments,  es- 
Ijecially  if  the  pipe  is  put  in  during  moderate  weather.  If  the 
pipes  were  laid  in  sections,  as  would  be  the  case  if  they  were  trans- 
ported, there  would  seemingly  be  enough  space  left  between  the 
ends  of  the  pipe  to  allow  for  expansion. 

The  question  of  the  hub  and  of  the  connection  between  pipes 
seems  to  me  a  very  important  one.  You  noticed  in  one  view  that 
the  concrete  pipe  was  ring  pipe  without  other  point  connection. 
The  pipe  made  by  the  C,  B.  &  O.  Ry.  has  a  strong  and  well  made 
hub.  I  wonder  what  is  the  advantage  in  that  hub.  There  is  cer- 
tainly a  disadvantage.  You  remember  that  the  bending  amount 
when  the  load  is  concentrated  along  an  element  of  the  pipe  is  1-16 
Wl,  while  for  a  load  uniformly  distributed  horizontally  it  is  1-16 
Wl,  the  former  being  over  2^^  times  as  much  as  the  latter. 

It  seems  to  me  that  with  only  ordinary  care  in  laying  and  v/ith 
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the  chances  for  settlement  and  with  the  greater  strength  of  the 
hub,  a  considerable  part  of  the  weight  on  the  pipe  may  rest  upon 
the  hub  at  a  single  point  rather  than  be  distributed,  and  that  we 
may  in  this  way  lose  some  of  the  advantages  which  would  certainly 
come  with  the  uniform  embedding  of  the  pipe  around  its  circum- 
ference. Possibly  it  would  be  well  to  use  some  form  of  joint  sim- 
ilar to  the  ring  joint  formerly  used  in  vitrified  sewers.  Take  seg- 
ments of  a  ring  of  the  necessary  width  and  of  convenient  length. 
say  six  to  the  circle,  and  put  a  mortar  joint  around  for  the  full 
circumference.  This  would  have  a  further  advantage  from  the 
fact  that  the  settlement  of  one  end  of  a  pipe  would  not  affect  the 
adjoining  pipe,  and  no  harm  would  be  done.  Possibly  even  such  a 
joint  as  this  would  not  be  necessary.  It  seems  to  me,  in  the  same 
connection,  that  the  break  in  cast  iron  pipe  must  be  frequently  due 
to  the  fact  that  one  end  of  the  pipe  rests  on  the  bell,  and  insead  of 
having  a  uniform  bearing  we  have  a  support  at  a  single  point. 

Last  year  there  w'ere  made,  at  the  University  of  Illinois,  some 
tests  on  plain  concrete  rings.  These  tests  were  conducted  by  Mr. 
W.  A.  Slater  to  test  the  accuracy  of  an  analysis  of  the  stresses  and 
resisting  moments  in  such  rings.  The  first  break  appeared  at  top 
and  bottom  of  the  pipe.  If  the  test  was  continued  long  enough 
there  would  be  a  break  at  the  sides.  In  order  to  get  a  definite 
loading  in  these  tests  the  load  was  applied  on  a  line  or  element  at 
the  top,  and  the  pipe  rested  on  a  line  at  the  bottom.  These  con- 
crete rings  were  two  feet  long  and  24  in.  and  48  in.  in  diameter. 
The  rings  48  in.  in  diameter  were  10  in.  thick  and  6  in.  thick. 
while  those  24  in.  in  diameter  were  3  in.  and  5  in.  thick.  I  remem- 
ber that  the  average  load  for  the  48  in.  ring,  10  in.  thick,  was  about 
6,000  pounds  per  lineal  foot,  or  12,000  pounds  for  the  whole  piece. 
That,  as  I  figure  it,  would  give,  if  the  same  concrete  were  used,  for 
the  48  in.  pipe,  6  in.  thick,  something  like  2,000  pounds  per  foot  for 
concentrated  load,  and  perhaps  something  like  5,000  pounds  per 
foot  for  a  uniformly  distributed  load  and  no  horizontal  support. 
The  strength  of  the  reinforced  concrete  pipe  described  by  Mr. 
Cartlidge,  with  the  additional  reinforcement  he  mentions,  would  be 
as  much  as  two  or  three  times  as  great. 

Recently  we  put  a  load  upon  one  of  these  48  in.  pipes  (C,  B.  & 
Q.)  up  to  the  limit  of  the  capacity  of  our  loading  apparatus,  loi,- 
000  lbs.,  without  causing  failure.  This  pipe  was  as  described — 
48  in.  internal  diameter.  4  in.  thick.  8  ft.  long,  plus  the  length  of 
the  hub.  The  pipe  was  laid  in  a  sand  bed  with  12  in.  of  sand  be- 
low it.  and  9  in.  of  sand  on  either  side  next  to  the  box.  This  sand 
was  thrown  in  and  wet  down  with  water  and  the  filling  continued 
in  this  way  to  the  top  of  the  pipe.  A  saddle  was  placed  over  the 
pipe,  arranged  so  that  there  were  12  in.  of  vertical  depth  of  sand 
between  any  element  of  the  pipe  and  the  timber  which  formed  the 
saddle.  The  pressure  applied  by  levers  from  a  testing  machine 
was  distributed  along  this  saddle.     Under  these  conditions,  with  a 
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load  of  70000  pounds,  minute  cracks  appeared  at  points  above 
and  below,  the  same  as  appear  when  concrete  is  stretched  to  a 
certain  amount  on  the  tension  side  in  reinforced  concrete  beams. 
These  cracks  became  more  numerous  as  the  load  was  increased 
and  grew  slightly  larger,  but  at  no  time  were  they  larger  than  the 
ordinary  fine  cracks  found  in  testing  concrete  beams.  We  could 
not  examine  the  outside  of  the  pipe  at  the  sides,  but  after  the  sand 
was  removed  an  examination  failed  to  disclose  any  cracks.  If 
cracks  had  appeared  here  they  had  closed  up  so  completely  as  not 
to  be  found.  The  cracks  at  top  and  bottom  were  visible  after  the 
load  was  released,  but  they  had  closed  up  considerably.  The 
horizontal  diameter  increased  and  the  vertical  diameter  decreased 
something  like  }\  in.  with  this  test  load.  I  will  say  that  the  cal- 
culations made  for  the  load  which  would  cause  failure  in  this  re- 
inforced pipe  proved  not  only  that  the  load  was  well  distributed 
horizontally,  but  also  that  there  must  have  been  considerable  hori- 
zontal pressure  supporting  the  pipe  laterally,  for  without  lat- 
eral support  (horizontal  pressure  from  sand)  the  calculated 
strength  of  the  pipe  is  something  like  65,000  pounds.  We  have 
here  a  bending  moment  which  must  have  been  not  more  than  two- 
thirds  of  that  calculated  for  no  horizontal  support,  and  it  seems 
quite  evident  that  the  pipe  would  have  stood  twice  the  65,000 
pounds. 

We  are  expecting  to  construct  another  device  for  testing  and 
finally  to  break  this  pipe,  and  we  hope  to  get  information  which 
will  be  of  interest. 

One  feature  of  this  test  may  be  worthy  of  note.  The  sand 
placed  under  the  pipe  and  that  above  the  pipe  compressed  verv 
little.  The  sand  below  and  above  pressed  down  less  than  >4  in. 
under  the  load  of  lOi.ocxD  pounds.  This  would  indicate  that  the 
lateral  pressure  of  the  sand  from  the  box  is  much  more  than 
would  ordinarily  be  considered  to  be  the  case.  If  we  are  to  judge 
from  this,  the  lateral  pressure  against  culvert  pipes  in  an  em- 
bankment, if  properlv  imbedded  and  properly  filled  in,  will  be 
considerable  and  adds  much  to  the  stability  of  the  structure.  I 
am  convinced  that  a  little  more  care  used  in  filling  in  around  the 
culvert  would  be  money  well  expended. 

To  show  the  effect  of  lateral  pressure  upon  the  stresses  brought 
upon  a  pipe,  the  experience  with  a  cast  iron  pipe  may  be  cited.  In 
the  test  of  a  48-in.  cast  iron  pipe  6  ft.  long,  imbedded  in  sand  in 
the  manner  described  for  the  test  of  the  reinforced  concrete  pipe, 
after  applying  a  load  of  100,000  pounds  in  the  usual  way,  the  rods 
connecting  the  sides  of  the  box  were  loosened  so  that  little  lateral 
or  horizontal  pressure  came  upon  the  pipe,  though  the  manner 
of  distribution  of  the  vertical  load  remained  the  same,  and  a  load 
of  100,000  pounds  was  again  applied.  With  the  rods  tight  (sand 
held  laterally  by  the  sides  of  the  box),  the  change  in  the  hori- 
zontal  and   in   the  vertical   diameter  at  the   spigot  end   was  about 
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0.37  inch.  With  the  rods  loose  (Httle  lateral  support  for  the 
sand;,  the  change  in  these  diameters  was  1.24  inch.  The  deforma- 
tions were  31-3  times  as  much,  and  the  stresses  developed  in  the 
pipe  were  probably  about  in  the  same  ratio,  that  is,  the  stresses 
with  the  rods  loose  were  31-3  times  as  much  as  when  tight.  For 
lower  loads  similar   ratio  between  changes  was  observed. 

Mr.  Cliamberlain:  I  desire  to  say  something  in  regard  to  the 
comparison  which  Mr.  Cartlidge  made  between  the  cost  of  pro- 
ducing a  reinforced  pipe  and  the  cost  of  producing  a  plain  con- 
crete pipe.  I  think  that  the  figures  given  are  not  entirely  fair, 
from  the  fact  that  it  requires  a  different  class  of  labor  to  handle 
a  reinforced  concrete  construction  from  that  which  is  required  for 
handling  ordinary  concrete.  I  regard  Mr.  Carthdge's  reinforced 
pipe  a  very  excellent  one,  but  it  requires  a  certain  amount  of  me- 
chanical skill  to  place  the  reinforcement  in'  the  forms  properly, 
and  it  is  more  difficult  to  put  the  concrete  in  a  form  where  rein- 
forcement is  used  than  in  plain  concrete;  consequently  the  com- 
parative cost  of  labor  is  hardly  a  fair  one. 

I  was  very  glad  that  Prof.  Talbot  brought  up  the  point  in  re- 
gard to  the  bell  and  spigot  end  of  concrete  pipe.  He  brought  out 
very  clearly  the  fact  that  pipe  failures  are  often  due,  in  a  great 
measure,  to  the  pressure  upon  the  bell  end  of  the  pipe;  that  is, 
the  concentrated  load  on  the  bell  end  (he  said  in  cast  iron  pipe)  ; 
and  it  was  for  that  reason  that  I  made  this  attempt  in  the  use  ,of 
pipe  without  any  bell  and  nozzle  joint.  The  bed  in  which  the 
pipe  is  laid  is  very  nearly  uniform ;  that  is,  the  bed  would  not 
vary  to  any  great  extent  within  reasonable  limits.  The  first  cul- 
vert I  put  in,  after  being  in  for  some  three  or  four  months,  had 
a  variation  in  ^  the  joints  fitting  vertically,  in  the  alignment  of 
only  ^  in.,  and  yet  it  was  laid  in  a  soft  top  soil.  The  earth  for 
the  trench  was  simply  taken  out  with  a  shovel.  The  back  filling 
was  very  carefully  done.  The  work  was  all  done  by  section 
laborers :  at  the  same  time  I  know  that  the  back  filling  was  care- 
fully put  in. 

Mr.  Abbott :  Why  could  not  planks  be  laid  down  for  this  pipe 
to  be  laid  on,  thus  insuring  an  alignment? 

Mr.  Chamberlain:  The  foreman  suggested  that  to  me,  but  I 
thought  it  would  not  be  a  good  idea,  from  the  fact  that  it  would 
put  an  excess  pressure  on  the  outside  of  the  pipe  where  it  bears 
upon  the  plank,  and  the  external  pressure  would  not  be  distrib- 
uted along  the  outside  surface  of  the  pipe.  I  think  that  point  is 
well  taken.  Even  if  it  is  laid  in  soft  soil  it  will  form  a  vertical 
curve  ultimately  under  the  pressure  of  the  embankment  and 
weight  of  the  train.  I  think  the  proper  way  to  put  them  in  is  to 
make  some  allowance  for  settlement. 

In  regard  to  the  bell  joint.  One  point  has  not  been  brought 
out:  that  the  bell  and  nozzle  end  used  in  cast  iron  pipe  is  a  joint 
designed  originally  to  make  a  tight  joint  for  water  pipes,  to  resist 
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the  internal  pressure  and  not  designed  for  the  conditions  which 
obtain  in  a  sewer  or  culvert.  It  seems  to  me,  if  we  are  going  to 
put  a  lap  joint  of  any  kind  there  at  all,  an  arrangement  such  as 
Prof.  Talbot  suggests  would  be  more  satisfactory  and  less  liable 
to  damage  the  pipe  and  cause  failure. 

There  is  another  thing  that  appeals  to  mc  in  the  same  connec- 
tion, and  that  is.  the  pipe  could  be  much  more  cheaply  constructed. 
The  reinforcing  and  building  of  the  bell  end  requires  considerable 
elaboration  in  the  forms,  etc. 

One  point  that  Prof.  Talbot  made  is  one  which  we  all  agree  is  a 
very  good  one;  that  is,  the  possibility  of  strengthening  a  culvert 
or  pipe  by  increasing  the  vertical  section  at  top  and  bottom. 

ADDENDA 

APPI.ICATIOX      OF      KEIXFOKCED     CONCRETE      lO     CIKCL  I.AK      -KWEKS. 

Mr.   C.  H.  Tl-ttox    (By  Letter). 

The  following  is  written  with  the  hope  of  inducing  some  uni- 
formity in  the  application  of  metal  reinforcement  to  circular 
sewers,  which  now  appears  to  be  largely  guided  by  chance,  and  al- 
though the  method  here  pursued  is  open  to  criticism,  it  is  believed 
to  be  safe. 
A. — Thickness  of  Concrete. 

Assume  the  sewer  to  have  a  diameter  of  D  inches,  and  to  be  built 
at  the  depth  .'•  feet  below  the  surface  of  the  ground  as  meas- 
ured to  the  center  of  the  sewer.  Further,  suppose  the  covering 
material  to  weigh  io8  lbs.  per  cubic  foot.  The  nature  of  a  sewer 
trench  and  back  fill  in  same  differs  from  that  from  a  fill  over  an 
arch,   so  that  for  all  practical  purposes  the  vertical  pressure  mav 

io8Z?.r     3 

be  taken  as  uniformlv  distributed  over  the  sewer  at =  -Dx 

144        4 

pounds  per  lineal  inch.  This  would  give  fiDx  pounds  pressure 
upon  each  springing,  and  a  horizontal  component  of  thrust  at  the 

3 
crown  of     -   J^r    pounds  per  lineal  inch. 
16 

Assuming  these  stresses  to  be  w-hoUy  compressive  and  resisted 
entirely  by  the  concrete,  and  also  allowing  the  resistance  of  the  con- 
crete to  be  250  pounds  per  square  inch,  the  neat  thickness  T  of  the 

3/^-v 
concrete  in  inches  will  be  given  by      -^ry-    =250;  whence 

7'=  .001 5 /A/-.  (i) 

The  same  result  is  obtained  by  considering  this  load  to  act  as  a 
"hoop  compression,"  the  load  being  Y^x  pounds  per  square  inch. 
Construction  considerations  will  require  this  to  be  increased  for 
small  sewers  of  neat  concrete,  as  well  as  in  larger  ones,  when  it 
must  be  increased  for  the  purpose  of  imbedding  the  metal  rein- 
forcement.' 
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B. — Amount  of  Metal 

Assume  that  a  bursting  pressue  of  p  pounds  per  square  inch 
may  exist  from  internal  sources,  subject  to  the  ordinary  rules  of 
hoop  tension,  and  to  be  guarded  against  wholly  by  the  metal  re- 
inforcement. 

For  this  purpose  it  is  proposed  to  place  a  spiral  hoop  around 
the  sewer  whose  pitch  shall  be  vi  inches,  and  also  to  introduce  n 
longitudinal  rods  or  bars,  which,  consequently,  will  be  at  the  dis- 

tance      apart.    Let  s  be  the  allowable  stress  per  square  inch 

in  the  hoop,  and  /  that  in  the  longitudinal. 

Then  for  the  hoop  tension  f,  over  the  length    in.  which  is  the 
pDni 
pitch  of  the  spiral,   /=^ —  from  which 

pin 
Area  of  hoop,     any  shape  (2=  —  D  (2) 

-^— z>  (3) 

Each  longitudinal  (when  properly  wired)  may  be  considered  as 
a  beam  fixed  at  each  crossing  of  the  hoop,  hence  will  have  a  span 

ttD 

length  of   VI  inches  and  width   between  longitudinals  of 

„^       TT    D 

inches.     The  load  will  therefore  be  *^= in.  p.    givmg    in     the 

,^     WL       irDrnp 

formula  for  fixed  ends  the  bendmg  moment  M= = 

^  12  n 

m       IT  p  ni'  ^,  .    .  r     1      1  ■   f^         1 

— z:= — ' D      The  resistmg  moment  01  the  beam  is —       whose 

I  2         i2«  y 

7     7  2/" 

value  is,  for  bars  of  width  b  and  depth  //, — ^ — ;  for  round     rods     of 

diameter   d,  this  becomes 

'32 

Equaling  these  respectively  with  the  value  of  il/ just  found  for 

.,       TTpnt- 
Longitudinal  bars  bh '  ^ — y-  D  (4) 

Longitudinal  rods         d^=^  ^    f_Z D  (5) 

X    \fn 

C. — Practical  Values. 

D 
It  will  generally  be  found  to  be  good  practice  to  take  n     — 

which  will  make  the  longitudinals  477,  or  about  i2j/<  inches  apart. 
It  is  generally  considered  that  the  pitch  of  the  spiral  should  be 
from  1-7  to  I -10  of  the  diameter  hooped,  but  here  it  will  be  taken 
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equal   to   the   distance   between   the   rods,   or  4  tt  inches.      Making 
liijse  substitutions ;  that  is, 
D        ^ 
«--  — ,  and  m^4  tt,  in  (2)  to  (5)  they  become 

2TrpD 


s  Si    s  /  S       / 

Next,  assuming  s^/\6oo  lbs.,  the  following  simple  forms 
obtain : 

a     .000^0)2'] pD\   A      .02236  ^pD\    bh2.^.o62p\    d—.6?>i'^^ 
D. — Example. 

Take  a  72  inch  sewer  and  let;r=4o  feet.     Then   7^=4.32in. 

neat.     For  values  of/   of  10,  20  and  30  pounds  per  square  inch, 

which  correspond   to   water  pressures   of  23,   46  and  69  feet   re- 

spectiveh^ : 

■'  /=-io  p-^20  p=lo 

For  hoop  area     a  in.     s6.  in.     .282  .564  .846 

If  a  bar  3-i6xi^in.      }iKi}4m.    9-16x1  J/j  in. 

If  round  5^4  in.  dia.        7^  in.  dia.     i  1-16  in.  dia. 

Longitudinal     'f  square  7^  in.  i  j^  in.  i  j.{  in. 

If  bars  ^xi  in.      9-16x1^  in.      Sy^xi^in. 

If  round  i  in.  dia.      i  %  in.  dia.        i  ^  in.  dia. 

The  sewer  thickness  of  4.3 -'in.  must  now  be  increased  to  imbed 
the  particular  set  of  bars  or  rods  chosen.     A'alues  for  /  =  10  are 
probably  as  high  as  the  average  sewer  will  call  for. 
E. — Remarks. 

No  attempt  is  made  in  the  preceding  to  make  these  materials 
act  together  as  in  a  beam,  since  it  cannot  be  predicted  whether  the 
pressure  will  be  wholly  external  as  in  dry  weather  flow  in  a  storm  sys- 
tem, or  partially  internal  as  in  flood  surcharge. 

It  is  suggested  that  the  metal  should  vary  in  position  as  it  en- 
circles the  sewer,  that  it  may  act  in  tension  to  support  the  concrete 
at  the  points  of  rupture  known  to  exist  in  an  arch,  under  the  sup- 
position that  the  load  is  wholly  external.  The  longitudinals  should 
be  carefully  wired  to  the  hoops  at  each  crossing  to  reahze  tne  con- 
dition of  a  fixed  beam. 

In  general  it  should  be  remembered  that  sticking  in  the  rods,  bars 
and  hoops,  hit  and  miss,  does  not  constitute  reinforced  concrete. 

For  sewer  purposes  a  i  :2 14  mixture  is  recommended. 

Finally :  Equations  i  to  5  are  given  in  general  shape,  and 
should  any  other  constants  than  these  here  given  be  desired  for 
use,  they  can  easily  be  substituted  in  these  formulae. 

It  is  also  quite  possible  that  on  account  of  reduced  distance, 
forms  of  wire  cloth,  expanded  metal,  etc..  could  be  chosen  to  ful- 
fil all  necessary  conditions,  but  Id  make  anything  like  an  intelligent 
choice  more  data  would  have  to  be  known  than  the  manufacturers 
at  present  seem  willing  to  give. 

The  theory  can  also  be  applied  to  water  pipes  and  force  mains 
by  increasing  the  value  of  p. 


TESTS  OF  BOND  BETWEEN  CONCRETE  AND  STEEL. 

T.    L.    CONDRON,    M.    W.    S.    E. 

Presented  December  5,  igo6. 

The  results  of  tests  that  have  been  reported  on  the  strength  of 
bond  or  adhesion  between  concrete  and  steel  for  plain,  round  and 
square  bars  are  remarkable  because  of  the  lack  of  uniformity  and 
wide  variation,  and  indicate  that  there  are  so  many  conditions  effect- 
ing this  value  even  in  laboratory  experiments  that  engineers  may  well 
question  if  any  dependence  at  all  can  be  placed  upon  the  adhesion  of 
plain  bars  to  concrete.  The  writer  has  studied  all  the  results  of 
bond  or  adhesion  tests  that  have  come  to  his  attention.  He  finds 
from  these  reports  that  the  strength  of  bond  or  adhesion  obtained 
for  plain  bars  embedded  in  Portland  cement  mortar  and  Portland 
cement  concrete  ranges  from  less  than  100  lbs.  to  over  800  lbs.  per 
square  inch  of  embedded  surface  of  plain  bars. 

The  reports  studied  by  the  writer  include  the  following,  the  fig- 
ures accompanying  the  names  indicating  the  minimum  and  maxi- 
mum results  reported  in  each  case  in  pounds  per  square  inch  of  em- 
bedded surface  of  plain  round  and  square  bars : 

Zeitschrift    des    Vereins    Deutcher    Ingenieure    (Vol.    49, 

'05)  Cement  Age,  Oct.,  1905 83  to  592 

E.  Morsh  (From  Beton  und  Eisen,  1903) 100  to  696 

E.  S.  Wheeler,  I  J.  S.  Assistant  Engineer iii  to  556 

Prof.  A.  N.  Talbot,  University  of  Illinois 174  to  386 

Prof.  C.  E.  DePuy,  Lewis  Institute 188  to  341 

Prof.  C.  W.  Spofford,  Mass.  Institute  of  Technology.  . .  .219  to  374 

S.  W.  Emerson,  Case  School  of  Applied  Science 278  to  587 

Prof.  F.  H.  Constant,  University  of  Minnesota 316  to  854 

Prof.  W.  K.  Hatt,  Purdue  University 470  to  756 

Prof.  Bauschinger  (From  Buel  &  Hill) 570 to  640 

This  strength  of  bond  or  adhesion  depends  upon  the  following  fac- 
tors ;  any  or  all  of  which  may  vary :  Quality  of  cement ;  character  of 
sand  or  stone  dust  used  in  the  mortar ;  ratio  of  cement  to  sand  or 
stone  dust ;  sizes  of  gravel  or  broken  stone  used  in  concrete ;  ratio 
of  mortar  to  gravel  or  broken  stone ;  degree  of  placticity  or  per- 
centage of  water  used  in  mixing  mortar  and  concrete  ;  thoroughness 
of  mixing  process ;  care  with  which  mortar  or  concrete  is  placed ; 
amount  of  leakage  of  mortar  from  concrete  because  of  defective 
forms;  possible  disturbance  of  concrete  during  time  of  setting, 
breaking  the  initial  adhesion  to  bars  (this  may  easily  result  from 
tamping  on  or  near  concrete  that  has  taken  its  initial  set)  ;  the  con- 
dition of  the  stirface  of  the  bars;  and  thr  age  of  the  concrete. 

100 


Coiidron — Bond  Betzceeti  Concrete  and  Steel.  101 

M.  Breuille  reports  in  the  Annals  des  Fonts  et  Chaussees,  1902, 
the  results  of  tests  made  to  ascertain  the  action  of  water  and  mois- 
ture on  reinforced  concrete.  He  reports  that  by  soaking  in  water 
for  nine  months  the  adhesion  between  iron  and  concrete  is  reduced 
from  one-naif  to  two-thirds,  and  in  time  the  adhesion  is  entirely  de- 
stroyed. This  is  of  vast  importance  in  connection  with  tunnel,  foun- 
dation and  bridge  or  culvert  work. 

It  is  evident  that  some  positive  mechanical  bond  between  steel  bars 
and  concrete  must  be  used  in  reinforced  concrete  structures  to  in- 
sure their  permanence  and  reliability.  In  order  to  investigate  the 
relative  strength  of  bond  developed  by  different  forms  of  bars  in 
the  same  kind  of  concrete  and  under  otherwise  identical  condi- 
tions, the  writer  arranged  with  C.  E.  DePuy,  Professor  of  Mechan- 
ical Engineering  in  Lewis  Institute..  Chicago  to  make  a  series  of  bond 
tests,  in  w-hich  not  only  the  stresses  necessary  to  pull  out  the  bars 
would  be  recorded  but  also  the  amount  the  bars  moved  or  slipped 
under  increments  of  stress  would  be  recorded.  He  submits  here- 
with, as  an  appendix,  Prof.  Depuy's  report  of  these  tests.  In  doing 
so,  the  writer  desires  to  call  attention  to  the  fact  that  so  far  as  he  is 
aware  these  are  the  tirst  tests,  the  results  of  which  have  been  pub- 
lished, in  which  any  record  of  the  amount  of  the  slip  of  bars  as  well 
as  the  -Stresses  on  the  bars  have  been  recorded. 

From  the  results,  as  reported  by  Prof.  DePuy.  the  writer  has 
prepared,  four  diagrams  showing  graphically  ( i )  the  relative  re- 
sistance to  movement  or  slip,  and  12)  the  relative  efficiency  of  the 
seven  different  kinds  of  bars  when  subjected  to  stress. 

Plates  I  and  II  show  the  relative  resistances  of  the  bars  when 
embedded  16  inches  and  24  inches.  These  two  plates  are  the  same 
as  the  third  and  fifth  sections  of  Fig.  2  of  Prof.  DePuy's  report  but 
show  the  curves  extended  to  include  ^4  inch  slip. 

Plates  III  and  IV  show^  the  relative  efficiencies  of  the  bars  wheii 
embedded  16  inches  and  24  inches.  On  each  of  these  two  plates 
the  highest  result  obtained  with  a  slip  of  not  more  than  i-ioo  inch 
is  taken  as  100%.  The  solid  black  spaces  show  the  loads  applied 
to  the  bars  without  causing  any  slip,  and  the  open  spaces,  the  loads 
causing  slips  of  i  /loo  inch. 

In  the  writer's  opinion  the  ideal  shape  of  a  reinforcing  bar  is  one 
that  will  enable  the  full  elastic  limit  of  the  steel  to  be  developed 
by  a  short  embedment  without  any  appreciable  slip.  As  to  the 
length  of  embedment  we  find  here  that  with  embedments  equal  to  26 
diameters,  the  corrugated  bars  developed  50,000  lbs.  with  1/200  inch 
slip,  while  the  same  length  of  embedment  developed  but  16.000  lbs. 
in  the  plain,  25  000  lbs.  in  the  twisted  and  36,000  lbs.  in  the  Thacher 
bars. 

A  series  of  tests  were  made  at  the  U.  S.  Testing  Laboratorv  at  the 
Watertown  Arsenal  recently  to  determine  the  "adhesion  resistance 
of  steel  bars  in  cement  and  mortar  prisms."  In  these  tests  both 
twisted  and  corrugated  bars  were  tested.     In  the  report  it  is  stated, 
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that  the  "concrete  prisms  were  secured  in  the  jaws  of  the  testing; 
machine  between  V-shaped  wooden  cushions,  against  which  a  suffi- 
cient compressive  force  was  applied  to  hold  the  specimens  in  plac' 
against  the  tensile  pull  on  the  bars."  The  report  goes  on  to  say, 
"this  lateral  pressure  in  the  sides  of  the  prisms  prevented  their  split- 
ting lengthwise  during  the  tests  and  in  some  degree  probably  resulted 
in  applying  pressure  against  the  sides  of  the  embedded  bars."  In  the 
writer's  opinion  this  was  an  unscientific  way  in  which  to  make  such 
tests,  as  the  lateral  pressure  of  the  jaws  enormously  increased  the 
friction  bond  between  the  bars  and  the  concrete  and  vitiated  the 
results  as  a  consequence.  The  effect  would  be  most  marked  upon 
the  adhesion  or  bond  of  the  twisted  bars  as  they  depend  for  bond  en- 
tirely upon  the  wedging  action  of  the  inclined  planes  which  the 
sides  form  because  of  the  twisting.  As  a  consequence  these  results 
are  entirely  at  variance  with  the  results  obtained  by  Prof.  Spofford 
at  the  Massachusetts  Institute  of  Technology,  Prof.  Constant  at  the 
University  of  Minnesota,  and  Prof.  C.  E.  DePuy  at  Lewis  Institute. 
Moreover,  none  of  these  reports  except  Prof.  DePuy's  brings  out  the 
fact  of  how  much  the  bars  slip  before  the  maximum  load  is  reached 
and  this  is  a  most  important  feature  to  consider  in  bond  tests. 

The  w^riter  desires  to  express  his  appreciation  of  the  very  careful 
and  scientific  manner  in  which  Prof.  DePuy  conducted  this  series  of 
tests. 


Report  of  Tests 

Made  at  Lewis  Institute,  Chicago,  September,  igo6. 

Object  of  the  Tests. 

The  object  in  making  these  tests  was  to  determine  the  relative 
strength  of  bond  between  concrete  and  steel  for  diflferent  shaped 
bars,  when  the  quality  of  concrete  was  uniform  and  the  lengths  of 
embedment  the  same  for  each  of  the  several  different  kinds  of  bars 
Also  to  measure  the  amount  of  slip,  as  well  as  the  loads  or  stresses 
causing  the  slips. 

Scope  of  the  Tests. 

In  order  to  make  the  results  coniparable  bars  were  secured  for 
the  tests  having  as  nearly  as  possible  the  same  average  area  of  cross 
section  and  weight  per  foot  as  shown  in  Table  I.  There  were  seven 
kinds  of  bars  tested  and  five  lengths  of  embedment  of  each  kind 
The  lengths  of  embedment  were  8,  12,  16,  20  and  24  inches  for  each 
kind  of  bar. 
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TABLE  L- Description  of  Bars  Used  in  Tests. 


Size 
Inches 


Weight 

per  foot 

lbs. 


Average 
Area 
sq.  in. 


Average 

Perimeter 

Inch 


Round     

Square    

Twisted  (B)*.... 

Twisted  (R)t 

Thacher    

Corrugated  (N)t. 
Corrugated  (0)11. 


% 

.% 
.% 
% 

.% 


1.284 
1.322 
1.343 
1.345 
1.310 
1.250 
1.443 


.378 
.390 
.395 
.395 
.385 
.368 
.424 


2.17 
2.50 
2.51 
2.51 

Z43 
2.60 


t  Ransome  2.8  twists  per  foot. 

*  Buflfalo   Steel   Company  2.3  twists   per  foot. 


U  Old  Style. 
t  New  Style. 


a"«*'C'4;i   conracf  Mrif/t  resT  6ar 

-  ->'A  . .-. 


jcret*'  making  e/ecfrica/ 


• Conor er«  3/ec/i 


-Sf>/ie/-/ca/  3eariay  3 /oca 


— Top  or  Tesf/ng 
Macf>/ne 


Tesr/ng  /^acAine 


FIG.  1— APPARATUS  FOR  TESTING  BOND  BETWEEN  CONCRETE  ANO  STEEL. 
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Apparatus  Used. 

The  apparatus  used  is  clearly  indicated  in  Fig.  i.  The  concrete 
blocks  were  cylindrical  with  a  diameter  of  6  inches  and  8,  I2,  i6,  20 
and  24  inches  long.  Each  concrete  block  had  a  cast  iron  base  plate, 
turned  to  a  true  face.  These  blocks  Vvcre  supported  upon  a  spherical 
bearijig  block  on  the  top  of  an  Olsen  testing  machine  so  that  the 
specimen  could  be  properly  adjusted  from  a  direct  pull  on  the  bars. 
The  lower  projecting  end  of  the  bar  was  gripped  into  the  movable 
head  of  the  testing  machine.  The  upper  end  of  the  bar  projected  ^ 
of  an  inch  above  the  top  of  the  block,  while  upon  the  concrete  block 
rested  a  spherometer  with  the  graduated  screw  brought  into  contact 
with  the  upper  end  of  the  bar  being  tested,  thus  closing  an  electric 
circuit.  As  the  load  came  on,  the  slightest  slipping  of  the  bar  in  the 
concrete  would  break  the  electric  circuit,  causing  a  bell  to  ring  until 
the  graduated  screv/  was  turned  down  and  the  circuit  closed.  B) 
this  means  it  was  possible  to  measure  very  accurately  the  movement 
of  the  bars  and  the  load  causing  the  same. 

Materials. 

Table  I  gives  the  general  description  of  the  bars  used.  The  round 
and  square  bars  were  of  steel  furnished  by  Jos.  T.  Ryerson  &  Sons, 
steel  merchants,  Chicago,  and  taken  from  their  regular  stock  of 
structural  steel  bars.  The  twisted  bars  (B)  were  furnished  by  the 
Buffalo  Steel  Company.  The  twisted  bars  (R)  were  furnished  by 
Messrs.  Kough  &  Company,  Chicago  representatives  of  the  Ran- 
some  Concrete  Machinery  Company.  The  Thacher  bars  were  fur- 
nished by  The  Schofield  Company,  Philadelphia,  and  the  Johnson 
Corrugated  bars  were  furnished  by  Condron  &  Sinks  Company, 
Chicago  representatives  of  the  Expanded  Metal  &  Corrugated  Bar 
Company.  The  Ransome  twisted  and  the  Old  Style  Corrugated  bars 
were  covered  with  a  thin  coat  of  rust  but  free  from  scales  of  rust. 
The  other  bars  were  all  fresh  from  the  rolls  and  free  from  rust. 

The  concrete  was  hand  mixed  with  great  care  after  the  proportions 
had  been  accurately  measured.  The  mixture  was  one  Atlas  Port- 
land Cement,  two  coarse  sand  and  four  broken  lime  stone,  of  j^ 
inch  and  under,  without  dust.  This  was  mixed  to  a  fairly  wet  con- 
crete, one  that  would  easily  enter  the  moulds  and  could  be  churned 
readily  with  a  small  iron  rod.  All  the  concrete  used  was  mixed  in 
one  batch.  The  sheet  iron  forms  in  which  the  blocks  were  moulded 
were  removed  about  one  week  before  testing.  The  tests  wre  made 
whn  the  concrete  was  25  days  old  for  the  8  and  16  inch  embedments, 
and  when  the  concrete  was  31  days  old  for  the  12,  20  and  24  inch 
embedments. 

Results  or  Tests. 

The  results  obtained  are  graphically  shown  in  Figs.  2  and  3  and 
tabulated  in  Tables  II  and  III.  These  diagrams  show  the  results 
of  all  the  tests,  with  a  maximum  slip  of  1/16  of  an  inch.    Where  the 
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FIG.  3— RESULTS  OF  TESTS  OF  BOND  OF  SEVEN  KINDS  OF  BARS  AND  FIVE 

LENGTHS  OF  EMBEDMENT  RANGING  FROM  12  TO  38  DIAMETERS. 

LOADS  IN  LBS.  PER  SQ.   IN.  OF  EMBEDDED  SURFACE  OF 

BARS  AND  SLIPS   IN   FRACTIONS  OF  AN   INCH. 

maximum  load  or  stress  on  the  bar  was  not  reached  within  a 
slip  of  i/i6  of  an  inch,  the  curves  would  extend  beyond  the  limits  of 
these  diagrams.  In  Fig.  2  the  stresses  or  pulls,  on  the  bars  are 
reduced  to  pounds  per  square  inch  of  the  cross  sections  of  the 
bars,  while  in  Fig.  3  these  stresses  or  pulls  on  the  bars  are 
reduced  to  pounds  per  square  mch  of  the  embedded  surface 
of  the  bars.  In  tables  II  and  III  the  actual  stresses  on 
the  bars  with  the  corresponding  slips  are  given,  first  in  pounds  pei 
square  inch  of  section  of  the  bars,  and  second  in  poimds  per  square 
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inch  of  the  embedded  surface  of  the  bars.  As  there  was  no  way 
of  readily  determining-  the  surface  areas  of  the  Thacher  bars,  these 
are  not  included  in  Fig.  3  and  Table  III. 


TABLE  II. 

RESULTS   OF  BOND  TESTS. 
Stresses  on  bars  in  pounds  per  square  inch  of  cross  section. 


Embedment     8"              12"              16"  20"  24" 

Slip  not  more  than  1/100  inch. 

Round"". 9.200        18,700         18.900  23,000  24300 

Square  11.900        24,300         16,800  28,000  35,200 

Twisted    (B)    12.700        25,400        28,800  36.500  44,300 

Twisted    (R)    19,400        24,600        26.000  38,300  50.600 

Thacher    25.300        40,800        38,900  41,200  57,100 

Corrugated   (N)    23,800        37.500        60,000  61,500  74,500 

Corrugated    (O)     29,200        48,000        53.500  69,400  79,000 

Slip  not  more  than  ih  inch. 

Round    *9,203      *20.100      *  19,800  *26,000  *26,500 

Square   13,900       *26,200      *19.300  *30,800  *37.300 

Twisted    (B)    14,400        27,100        29.100  37.900  46,700 

Twisted    (R)    25,400        27,800        30.000  41,700  53.400 

Thacher    33,800        46,600        46,400  50,600  *S7,100 

Corrugated   CM)    33,000        48,400        69,600  68,400  *80.000 

Corrugated   (O)    38,500        58,000        64,100  *73,000  *79,000 

Slip   not  more  than    1^  inch. 

Twisted    (B)     17,300        29^000        29,200  38.400  47,600 

Twisted    (R)    32.600        35,400        35.500  45,300  55,100 

Thacher    t39,000      t50,200      t56.700  t57,000  *57,100 

Corrugated   (N)    140.700        54.200      t72.300  72  500  *80,000 

Corrugated    (O)    t41,300      t58.800      167.500  *73,000  *79,000 

Slip  not  more  than  ^2   incli. 

Twisted    (B)    21,000        32,700        31,500  39,900  48,300 

Twisted    (R)    39,000        42,800        43.100  51,300  59.500 

Corrugated    (N)    t40,700      ^55,800      t72,300  $73,300  *80,000 

Maximum  Stresses  on  Twisted  Bars  with   Corresponding  Slips. 

Twisted    (B)     43,000        57,000        52.000  64,500  71,000 

-A"            21/2"          V''2"  3%"  1%" 

Twisted    (R)    41,800        58,200        56,900  81,000  68,500 

%"                   T%"                 -^t"  %"  ^»    . 

*  Developed  full  strength  of  bond  before  slipping  ^   inch. 

t  Developed   full   strength  of  bond  before  slipping  :pg   inch. 

t  Developed  full  strength  of  bond  before  slipping  ^   inch. 
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FIG.  2— RESULTS  OF  TESTS  OF  BOND  OF  SEVEN  KINDS  OF  BARS  AND  FIVE 

LENGTHS  OF  EMBEDMENT,  RANGING  FROM  12  TO  38  DIAMETERS. 

LOADS  IN  LBS.  PER  SQ.  IN.  0¥- SECTION  AREAS  OF  BARS. 

AND  SLIPS  IN  FRACTIONS  OF  AN  INCH. 
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TABLE  III. 

RESULTS  OF  BOND  TESTS. 
Stresses  on  bars  in  pounds  per  square  inch  of  embedded  surface  of  bars. 

Embedment 8"         12"         16"         20"  24"         Av. 

Slip  not  over  1/100  of  an  inch. 

Round    198        269        203         198  178        209 

Square    232        316        164        218  229        232 

Twisted    (B)    250        334        283        288  291        289 

Twisted    (R)    382        324        256        312  332        321 

Corrugated    (N)    452        474        569        467  471        487 

Corrugated  (O)    594        651         545         565  535        .578 

Slip  not  over  ^h  of  an  inch. 

Round    *198      *289      *214      *224  *190        223 

Square    271       *341       *188      *240  *242        256 

Twisted    (B)    283        357        287        299  306        306 

Twisted    (R)    500        366        295        329  350        368 

Corrugated  (N)    626        612        660        519  506        585 

Corrugated    (O)    784        786        653        593  535        670 

Slip  not  over  ^5  of  an  inch. 

Twisted    (B)    340        382        287        311  313        327 

Twisted   (R)    642        466        349        358  362        435 

Corrugated  (N)    t775        685       t687        550  *506        640 

Corrugated  (O)    1840      t800      t687       1593  *535        691 

Slip  not  over  s^a  of  an  inch. 

Twisted    (B)    415        430        310        315  317        357 

Twisted   (R)    766        562        425        405  390        509 

Corrugated    (N)     ■ t775      ±706      t687      $556  *506        646 

Maximum  Stresses  for  Twisted  Bars  with  corresponding  slips. 

Twisted   (B)    846        750        512        510  466 

^"     2V2"    1V2"    sVi"    m" 

Twisted   (R>    825        765        560        640  449 

Vs"        zV      A"        3/4"  A" 

*  Developed  full   strength  of  bond  before  slipping  ^  inch, 

t  Developed  full   strength  of  bond  before  slipping  is  inch, 

t  Developed  full   strength   of  bond   before   slipping  ^ri  inch. 
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TABLE  IV. 
RELATIVE  STRENGTHS  OF  BOND. 

Relative  efficiencies  of  the  bars  tested.  From  Table  IL  slip  not  over 
1/100  inch.  Strength  of  bond  of  plain  round  bars  taken  as  unity  in  each 
case. 


Embedment    8" 

Round    LOO 

Square    L30 

Twisted   (B)    L38 

Twisted    (R) 2.11 

Thacher    2.75 

Corrugated  (N)    2.60 

Corrugated  (O)    3.18 


12" 

16" 

20" 

24" 

Av. 

1.00 

1.00 

1.00 

1.00 

1.00 

1.30 

0.90 

1.22 

1.42 

1.23 

1.36 

1.55 

1.59 

1.79 

1.53 

1.32 

1.38 

1.67 

2.04 

1.70 

2.18 

2.06 

1.79 

2.30 

2.22 

2.00 

3.18 

2.68 

300 

2.70 

2.56 

2.83 

3.00 

3.18 

2.95 

Relative  Efficiencies  of  Different  Bars. 

In  Table  IV  are  given  the  ratios  expressing  the  relative  strength 
of  bond,  or  efficiencies  of  the  different  kinds  of  bars  as  determined 
by  these  tests,  at  the  point  where  the  slip  did  not  exceed  i/ioo  of  an 
inch,  the  strength  of  bond  of  the  plain  round  bar  being  taken  as 
unity  in  each  case.  From  the  results  of  these  tests  the  greater  effi- 
ciency of  the  bond  of  corrugated  bars  is  very  apparent. 

C.  E.  DePuy 
Professor  of  MecJmnical  Engineering, 

Lewis  Institute,   Chicago. 
Xovembeu  14,  1906. 

Discussion. 

Prof.  A.  N.  Talbot:  I  have  been  much  interested  in  this  paper. 
The  points  brought  out  in  regard  to  the  early  slipping  of  the  bar 
are  new  to  me.  and  I  am  not  sure  what  explanation  i.s  to  be  made  of 
it.  I  was  still  more  surprised,  however,  to  learn  that  Mr.  Condron 
would  admit  that  a  corrugated  bar  ever  slipped.  It  seems  to  me 
that  the  amount  of  this  early  slipping  is  a  subject  for  investigation. 
If  there  is,  with  the  smooth  forms  of  bar,  an  early  slipping,  amount- 
ing to  as  much  as  1-64  in.,  it  certainly  interferes  considerably  with 
the  action  of  the  bars  in  a  beam.  In  the  tests,  however,  this  first 
slip  came,  for  the  round  and  square  bars,  at  loads  well  up  to  the 
maximum  bond  developed  for  these  bars.  It  may  be  well  to  point 
out,  in  this  connection,  that  the  bond  stress  developed  in  the  or- 
dinary beam  is  not  generally  such  as  to  make  it  a  controlling  ele- 
ment: the  bond  developed  in  the  rods  ordinarily  used  in  a  simple 
beam  is  only,  perhaps,  say  50  lbs.  per  square  inch,  where  Mr.  Con- 
dron gives  as  the  minimum  value  something  like  200  lbs.  per  square 
inch  with  the  plain  bar,  running  up  to  values  considerably  above 
that.  In  the  case  of  restrained  beams,  the  amount  of  bond  devel- 
oped would  be  somewhat  more,  and  also  in  beams  with  the  bars 
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bent  up,  but  in  test  beams  at  the  ultimate  load  the  largest  bond 
which  I  have  ever  found  developed  in  a  beam  before  the  beam 
failed  in  some  way  (not  by  bond)  was,  as  I  remember  it,  193  lbs. 
per  square  inch.  In  other  words,  we  should  have  to  make  a  beam 
with  large  reinforcing  rods,  or  a  beam  very  short  in  comparison 
with  its  depth,  before  we  should  get  a  large  amount  of  bond.  On 
the  other  hand,  there  are  cases  where  bond  is  the  limiting  or  con- 
trolling element  in  the  strength  of  a  beam.  Among  other  impor- 
tant applications  of  bond  resistance  is  one  which  I  have  been  look- 
ii"^"  into  lately,  where  care  should  be  taken  in  supplying  sufificient 
bond  in  the  case  of  vertical  stirrups  used  to  take  web  stresses. 

\Mien  you  think  of  it,  all  of  the  rods  in  use  are,  to  a  certain  ex- 
tent, deformed  bars.  Some  two  or  three  years  ago  we  began  using 
the  word  "bond'  in  place  of  "adhesion,"  and  the  more  I  think  about 
it  the  more  I  think  that  adhesion  is  the  smaller  part  of  the  connec- 
tion between  the  steel  and  concrete.  With  smooth  bars,  we  have, 
to  a  certain  extent,  a  mechanical  bond.  To  illustrate  that,  I  may 
mention  the  results  of  some  experiments  made  with  very  smooth 
steel — tool  steel  and  cold  rolled  shafting, — in  which  the  amount  of 
bond  developed  with  a  1:2:4  mixture  of  concrete  was  something 
like  140  pounds  per  square  inch,  while  the  same  method  of  test- 
ing there  was  developed  with  the  ordinary  plain,  round,  mild  steel 
rods  a  bond  resistance  something  like  350  to  400  pounds.  The  dif- 
ference is  due,  I  think,  largely  to  the  variations  in  diameter.  The 
tool  steel  and  cold  rolled  shafting  did  not  vary  in  diameter  at  34 
in.  intervals  more  than  .0001  or  .0002  in.,  while  in  the  mild  steel 
rods  the  variation  in  the  same  interval  is  as  much  as  .0015. 

The  other  point  brought  up,  of  the  injury  to  the  bond  by  soaking 
in  water,  seems  to  me  is  one  worthy  of  investigation  and  it  should 
not  be  accepted  without  further  evidence.  If  the  bond  is  to  be  in- 
jured through  soaking  in  water,  we  ought  to  know  it.  But  I  am 
a  little  skeptical  as  to  its  injury  as  reported. 

It  may  be  added  that  tests  of  bond  resistance  made  at  the  Uni- 
versity of  Illinois  in  1905-6  with  round  mild  steel  rods  encased  in 
1:2:4  and  I  13  :  5^/^  concrete  and  60  days  as  the  age  at  test,  gave 
results  having  a  general  range  from  350  to  450  lb.  per  sq.  in.  The 
lowest  individual  result  was  342  lb.  per  sq.  in.  and  the  highest  477 
lb.  per  sq.  in.  No  effort  was  made  to  find  the  load  at  first  slip. 
Air.  Condron's  tests  were  made  at  an  age  of  25  to  31  days  which 
may  account  for  the  lower  values  obtained.  The  tests  made  at  the 
l^niversity  of  Illinois  are  recorded  in  Bulletin  No.  8  of  the  Engi- 
neering Experiment  Station. 

Mr.  IV.  M.  Torrance:  T  should  like  to  ask  Mr.  Condron  how 
long  it  took  to  fill  the  concrete  moulds.  In  the  paper  he  states 
that  they  were  all  mixed  in  the  same  batch  of  concrete.  It  seems 
to  me  that  while  the  first  of  the  moulds  were  being  filled  with  part 
of  the  concrete,  the  balance  of  the  concrete  would  have  had  time  to 
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take  its  initial  set.  there  having  lieen,  as  I  understand  it,  thirty- 
five  moulds  in  all  to  fill. 

It  is  true  that  the  block  of  concrete  in  which  the  rods  are  em- 
bedded should  not  be  held  on  the  side  instead  of  simply  on  the  end 
for  testing,  because  in  practice  the  concrete  is  usually  held  in  posi- 
tion by  the  adjacent  concrete.  It  does  not  have  a  chance  to  dis- 
tort laterally  the  way  it  would  in  these  tests. 

Mr.  H.  P.  Boarduian:  With  regard  to  that  last  point  about  sup- 
porting the  concrete  laterally,  I  should  think,  in  case  of  a  concrete 
beam  where  the  steel  comes  within  one  or  two  inches  of  the  surface, 
it  is  very  far  from  having  lateral  support  and  even  less  lateral  sup- 
port than  the  test  show's. 

Mr.  W.  L.  Abbott:  There  was  a  question  brought  up  in  the 
discussion  of  Air.  Chamberlain's  paper  that  I  should  like  to  have 
answered :  Does  steel  rust  or  deteriorate  in  concrete  ?  I  will  ask 
Prof.  Talbott  to  give  us  his  opinion  in  that  matter. 

Prof.  Talbot:  I  think  the  general  opinion  is  that  concrete  is  a 
preservative  of  steel,  provided  there  is  nothing  in  the  mortar  or 
the  concrete  to  interfere  wdth  that  preservative  action.  In  the  case 
of  certain  types  of  cinder  concrete,  especially  where  there  is  sul- 
phur as  an  active  agent,  the  steel  has  been  reported  to  be  eaten 
out  considerably,  but  so  far  as  the  action  of  water,  or  of  repeated 
wetting  and  drying  out,  or  the  efifect  that  air  has  on  the  steel,  is 
concerned.  I  think  there  is  nothing  on  record  which  would  indi- 
cate th-'t  in  the  ordinary  type  of  concrete  the  steel  will  not  be  pre- 
served permanently. 

Mr.  C.  H.  CartUdge:  In  this  connection,  it  is  the  general  belief 
among  engineers  that  concrete  is  one  of  the  best  preservatives  of 
steel,  if  not  the  best.  The  speaker  has  had  some  experience  tending 
to  fix  him  in  this  belief.  It  is  well  known  that  concrete  has  a  very 
alkaline  reaction  and  the  action  of  oxygen  on  steel  is  an  acid  one 
and  that  without  the  presence  of  acid  the  transformation  to  oxide 
of  iron  is  not  possible.  It  is  therefore  impossible  to  rust  iron  in 
a  strongly  alkaline  solution.  The  speaker  has  known  of  cases  in 
which  water  seeping  through  concrete  after  it  has  been  in  place  for 
fifteen  years  is  still  very  strongly  alkaline  and  the  iron  upon  which 
this  water  drips  is  as  bright  and  clean  as  when  put  in  and  is  en- 
tirely free  from  corrosion  of  any  sort. 

Mr.  Condron:  Referring  to  Mr.  Torrance's  questions,  I  can  as- 
sure him  he  need  have  no  fears  about  the  concrete  having  set 
while  going  into  the  moulds,  as  it  took  only  about  thirty  minutes. 
There  was  not  a  great  deal  of  concrete — somewhere  in  the  neigh- 
borhood of  8  cu.  ft. — so  the  setting  was  not  a  serious  matter. 

With  reference  to  the  other  question,  I  think  it  has  been  an- 
swered already.  It  is  customary  to  place  reinforcing  material  in 
beams  and  slabs  and  other  construction  from  a  fraction  of  an  inch 
to  an  inch  and  a  fraction  from  the  face  of  the  concrete.  In  these 
tests  the  bars  were  uniformly  3  in.   tmm  the  face  of  the  concrete, 
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and  they  therefore  had  more  support  from  the  surrounding  concrete 
than  would  be  the  condition  in  ordinary  construction. 

Mr.  Torrance:  I  should  like  to  take  issue  with  Mr.  Condron 
in  regard  to  the  conditions  occurring  in  practice  as  to  the  holding 
of  a  bar  liable  to  be  pulled  out  of  concrete.  In  a  usual  reinforced 
concrete  slab  it  is  true  that  the  reinforcement  is  very  close  to  one 
surface,  but  almost  always  there  is  a  cross  reinforcment  in  this 
same  plane,  and  on  the  other  three  sides  of  the  bar  the  thickness  of 
the  concrete  is  such  as  to  hold  the  rod  laterally  much  more  efifi- 
ciently  than  would  be  the  case  in  the  6  in.  cylinder  tests  conducted 
by  Mr.  Condron. 

In  regard  to  the  wetness  of  the  concrete,  it  occurs  to  me  that 
the  concrete  may  not  have  been  so  wet  as  is  used  in  the  best  rein- 
forced concrete  work.  Twisted  bars  require,  to  get  the  full 
strength  of  bond,  a  wetter  concrete  than  would  be  required  with  the 
corrugated  bar  to  obtain  this  bond.  It  might  be,  if  the  concrete 
had  been  made  wetter,  the  twisted  bars  would  have  shown  better 
results. 

Mr.  L.  K.  Sherman:  I  would  like  to  ask  if  this  slipping  of  the 
bar  might  not  be  due  to  the  compression  of  the  concrete  imme- 
diately surrounding  the  bar,  which  is  carried  down  as  the  bar  is 
drawn  down,  and  ran  out  to  nothing  or  a  small  quantity  when  it 
reached  the  legs  of  this  instrument  on  top? 

Mr.  Condron:  It  is  due  to  something,  but  just  what,  I  cannot 
say.  A  plain  bar  has  many  inequalities  and  a  roughness  of  sur- 
face. These  bars  were  taken  from  stock  and  were  clean,  but  had 
the  usual  mill  surface.  Undoubtedly  small  particles  of  cement 
mortar  entered  the  depression  in  the  surfaces,  and  as  the  load 
came  on,  these  particles  have  to  adjust  themselves.  In  the  case  of 
the  corrugated  bar  you  have  surfaces  which  project  from  the  main 
body  of  the  bar  about  1-16  in.  and  form  abrupt  shoulders  to  bear 
directly  against  the  concrete,  so  resisting  all  slipping  action. 

Prof.  Talbot:  The  point  raised  by  Mr.  Sherman  is  an  inter- 
esting one, — whether  this  measurement  represents  an  actual  slip 
or  whether  it  is  due  to  a  deformation  of  the  concrete  itself,  be- 
tween the  point  where  the  bar  touches  it  and  the  place  where  the 
feet  of  the  spherometer  are  connected. 

Mr.  Sherman:  1  would  ask  whether  this  was  not  due  to  a  cer- 
tain amount  of  elastic  action  in  the  concrete  which,  if  the  pull  had 
been  removed  from  the  bar,  might  not  have  allowed  the  bar  and 
concrete  to  come  up  again.  Of  course,  after  reaching  1-16  in., 
that  is  past  the  stage,  but  for  a  smaller  amount  it  might  be  an 
elastic  effect. 

Mr.  Abbott:  In  the  course  of  your  experiments  did  you  release 
the  pressure  for  a  time  to  see  if  it  would  have  any  effect? 

Mr.  Condron:  That  was  not  done  as  part  of  the  experiments, 
but  in  one  or  two  cases  a  delay  was  necessary  in  making  the  tests, 
and  the  load  was  taken  off.     When  the  load  was  put  on,  we  found 
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there  was  just  exactly  the  same  reading,  showing  there  was  no  ap- 
parent backing  up.  We  considered  this  point,  but  the  diameter  of 
the  circle  in  which  the  three  legs  of  the  spherometer  stood  was 
about  2^^  in.  and  the  diameter  of  the  -S  •"•  square  bar  will  be  not 
far  from  '/$,  in.  So  you  will  see  that  the  distance  from  the  long 
diameter  of  the  bar  to  the  point  of  the  spherometer  is  reasonably 
small,  and  if  there  was  such  a  deflection,  it  would  be  microscopical. 
The  uniformity  of  results  seems  to  indicate  that  there  was  this 
gradual  breaking  down  movement,  or  readjustment  of  the  concrete 
in  order  to  resist  this  shearing  action  between  the  concrete  and  the 
surface  of  the  bar.  ^^'hether  the  surface  is  a  reasonably  smooth 
one  or  one  that  is  distorted,  it  is  this  breaking  down  or  compres- 
sion in  the  concrete  itself  which  would  be  reasonably  expected  to 
cause  a  movement  of  the  bar  at  comparatively  low  loads. 
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By   H.  M.   North,  Assistant  Engineer  of  Construction,  L.   S.   & 
M.  S.  Ry.,  Cleveland,  Ohio. 

Presented  January  2^,  1907. 

THE  DEMANDS  UPON-  A  FREIGHT  TERMINAL  YARD. 

The  general  purpose  of  legitimate  railway  construction  is  to 
provide  "facilities  for  the  forward  n-:ovement  of  traffic.  In  a  freight 
terminal  vard,  this  means  the  facilities  to  receive  incoming  freight 
trains,  rearrange  the  individual  cars  and  their  contents  in  proper 
order  for  going  forward,  and  to  deliver  the  cars  so  arranged  to 
road  crews  or  switching  crews  for  the  proper  forward  movement. 

The  movement  through  a  terminal  yard  to  accomplish  this  pur- 
pose is  more  or  less  similar  for  all  classes  of  business,  and  advis- 
able differences  in  the  outline  and  dimensions  of  yards  are  for  the 
purpose  of  expediting  and  economizing  the  operations  to  suit  these 
varying  classes  of  business ;  in  nearly  all  cases,  however,  the  yard 
arrangement  desirable  for  effective  operation  is  adversely  affected 
by  local  conditions,  such  as  the  lay  of  the  ground,  the  position  of 
connecting  railway  lines,  and  permanent  construction  and  allied  con- 
siderations, to  all  of  which  the  yard  design  must  be  adapted. 

The  design  of  a  terminal  yard  must  be  adapted  to  rapid  and  eco- 
nomical, as  well  as  to  the  proper,  movement  of  cars  for  the  for- 
warding of  traffic ;  such  a  statement  seems  so  clearly  a  vital  con- 
sideration as  to  be  a  truism ;  nevertheless,  these  requirements  of  a 
terminal  yard  are  not  fulfilled  in  the  majority  of  terminals  ex- 
amined by  the  writer.  The  time  of  ordinary  freight  throu^ih  a 
terminal  yard  should  not  and  need  not  exceed  four  hours,  from 
the  time  of  receipt  until  departure ;  expedited  freight  can  readily 
be  put  through  in  one  hour's  time ;  and  freight  that  must  be  trans- 
ferred, rearranged,  shifted  or  otherwise  given  extra  handling, 
should  not  be  detained  to  exceed  twelve  hours.  These  require- 
ments as  to  time  are  not  only  essential  for  economy,  but  for  the 
conditions  of  competition  as  well. 

The  cost  of  moving  freight  through  terminals  can  be  held  down 
to  less  than  fifteen  cents  per  car  for  all  operating  charges  including 
breakage  of  cars.  The  actual  cost  per  car  on  the  same  basis  in  the 
average  yard  probably  approximates  thirty  cents.     The  difference 

This  article  is  respectfully  submitted  at  the  request  of  members  of  the  Western 
Society  of  Engineers,  with  whom  the  writer  has  been  associated  in  work,  by  per- 
mission of  the  Engineer  of  Construction  of  the  Missouri  Pacific  System,  and  the 
Chief  Engineer  of  the  Lake  Shore  and  Michigan  Southern  Railway,  in  the  service 
of  which  Companies  this  subject  has  been  studied. 
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between  these  two  figures  is  the  saving  that  efficient  desgn  of  track- 
age, grades  and  facihties  effects. 

There  are  a  number  of  auxiliary  demands  upon  freight  yards. 
Partial  carload  lots  of  freight  brought  in  by  dift'erent  trains  and 
from  dift'erent  towns,  should  be  consolidated  to  the  full  economi- 
cal capacity  of  individual  cars,  so  no  unnecessary  cars  will  be 
hauled  forward. 

Cars  of  foreign  lines  for  the  use  of  which  to  flie  destination  of 
their  loads  the  per  diem  charges,  or  penalty  charges  (assessable 
under  the  general  car  service  rules  of  this  country)  will  aggregate 
or  exceed  the  cost  of  labor  for  transferring  to  a  home  car,  should 
usually  be  transferred  to  home  cars  at  the  receiving  terminal,  unless 
the  car  situation  prevents. 

So-called  way-freight  should  be  assembled  from  the  different 
odd  cars  that  bring  it,  at  the  transfer  platform  of  the  last  division 
terminal  prior  to  delivery,  and  there  loaded  in  station  order  in 
cars,  to  permit  economical  and  convenient  unloading  and  minimize 
losses. 

Cars  of  perishable  freight  require  icing ;  cars  of  stock  require 
water,  feed  and  often  rest  and  sometimes  transfer  to  dift'erent  types 
or  ownership  of  cars.  Cars  of  potatoes  and  certain  other  perish- 
able shipments  must  be  housed  at  times  in  the  winter  to  prevent 
freezing. 

With  all  these  demands  in  view,  the  amount  of  trafific  to  be 
handled  daily  must  be  considered  in  deciding  the  general  type  of 
yard  to  design. 

THE  GENERAL  TYPES  OF  TERMINAL  YARDS. 

The  bulk  of  work  in  a  freight  terminal  yard  is  the  separating 
or  classifying  of  cars.  This  is  accomplished  by  switch  engine 
service  in  some  one  of  several  ways.  The  ordinary  method  of  push- 
ing and  pulling,  or  as  it  is  more  commonly  known,  the  "kicking" 
method,  is  the  best  known.  It  is  adaptable  to  almost  any  lay  of 
ground,  costs  the  least  in  first  construction  and  wdthin  the  limits 
of  effectiveness,  when  well  handled,  a  yard  so  designed  does  ex- 
cellent work.  Only  a  limited  number  of  cars  can  be  handled  by 
this  method,  and  these  at  a  higher  cost  of  operation  and  higher 
cost  for  breakage  of  merchandise  and  excessive  damage  to  equip- 
ment. 

The  "poling"  method  has  been  used  as  an  improvement  on  the 
"kicking"  method,  to  lessen  the  damage  claims,  and  damage  to 
cars,  as  well  as  to  increase  the  capacity  of  the  yards.  It  requires 
an  extra  track  parallel  w-ith  the  ladder  to  which  the  body  1  racks 
of  the  yard  connect,  and  requires  these  two  tracks  to  be  tangent 
or  nearly  so ;  its  first  cost  is  accordingly  somewhat  greater  than  that 
of  a  kicking  yard,  and  it  demands  more  favorable  ground  than  the 
kicking  yard.  It  will  handle  about  lOO  per  cent,  more  traffic  than 
a  kicking  yard,   at  a  somewhat   smaller  expense   per   car,   if  zvell 
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handled.  This  last  clause  must  be  clearly  remembered,  in  judging 
of  the  success  or  failure  of  a  given  poling  yard.  The  almost  irre- 
sistable  tendency  is  to  attempt  to  handle  poling  yards  with  an  in- 
sufficient force  of  switchmen,  and  the  resulting  breakage  of  cars 
and  contents  has  reacted  against  this  general  method  of  switching. 

The  application  of  the  power  of  gravity  to  give  cars  the  forward 
movement  to  carry  them  into  their  respective  classification  tracks, 
has  developed  sufficiently  so  that  it  may  be  confidently  stated  that 
this  method  is  the  best  and  the  only  one,  so  far  attempted,  which  will 
handle  heavy  business  speedily,  economically  and  satisfactorily. 
The  past  decade  has  seen  the  construction  of  yard's  where  the  en- 
tire motive  force  for  giving  cars  the  initial  impulse  forward  for 
quick  movement  into  their  respective  tracks,  and  the  continuing 
impulse  to'  carry  them  well  ahead  on  these  same  tracks,  has  been 
secured  by  a  clever  adaptation  of  the  force  of  gravity.  In  speak- 
ing of  these  latter  years  of  progress,  there  is  no  desire  to  discredit 
earlier  efforts. 

Credible  advice  has  come  to  the  writer  of  excellent  worlcing 
gravity  yards  constructed  in  the  early  '70's,  at  Hoboken,  N.  J.,  for 
handling  tidewater  coal  for  the  Lackawanna  line,  and  a  later  and 
sucessful  use  of  gravity  at  the  Honey  Pot  yard  of  the  Pennslvania 
R.  R.,  Sunbury,  Pa.,  for  making  up  coal  trains.  The  conditions 
at  each  of  these  points  are  so  widely  different  from  those  of  the 
typical  freight  terminal,  that  the  only  application  pertinent  to  an 
article  that  should  be  brief  as  possible,  is  their  corroboration  of  the 
usefulness  of  the  general  principles  of  gravity.  Full  statistics  of 
the  bulk  of  the  yards  of  this  country  can  be  found  in  the  interest- 
ing article  by  Mr.  W.  C.  Gushing,  Chief  Engineer  Maintenance  of 
Way,  Southwest  System,  Pennsylvania  Lines,  upon  the  subject 
of  yard  design,  published  during  May,  1905,  in  various  magazines. 

THE    THEORY    OF    DESIGN    OF    A    FREIGHT    TERMINAL. 

There  may  be  said  to  be  four  principal  handlings  of  freight  cars, 
and  one  auxiliary  handling  of  a  portion  of  them,  involved  in  the 
movement  of  all  traffic  through  a  freight  terminal ;  the  occasional 
solid  train  that  goes  through  with  no  change  in  its  make  up  except 
to  change  engines,  cabin  cars  and  crews  being  an  exception.  These 
handlings  are : 

1.  The  receiving  of  incoming  trains  and  the  work  incidental 
thereto. 

2.  The  separating  or  classifying  of  cars,  more  commonly  known 
as  "breaking  up"  trains. 

3.  The  grouping  into  train  order  for  advance  movement,  of  the 
separated  or  classified  cars,  commonly  known  as  "making  up" 
trains. 

4.  The  forwarding  of  trains,  and  the  work  incidental  thereto. 

The  auxiliary  work  is  that  already  adverted  to,  viz. ;  the  rear- 
rangement, consolidation  and  transfer  of  freight  for  reasons  of 
economy,   safety,   or   because  of  the   need   of  repairing  the   cars; 
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the  icing  of  perishable  freight,  or  the  feed,  water  and  rest  needed 
by  stock.     For  these  operations,  f acihties  are  needed  as  follows : 

THE   RECEIVING   YARD. 

For  receiving  the  incoming  trains,  a  so-called  "receiving  yard" 
is  needed.  This  yard  should  have  tracks  of  a  sufficient  length 
to  admit  the  maximum  length  trains  that  can  be  anticipated,  with- 
out doubling  in.  For  this  estimate,  a  car's  length  is  assumed  at 
forty  feet,  and  engine's  length  at  seventy-five  feet  and  a  caboose 
to  suit  the  standard  of  the  railway  ;  in  addition  there  should  be  pro- 
vided space  for  a  double  header  engine,  and  several  hundred  feet 
leeway  for  inexact  stopping  of  trains.  As  there  will  be  many  short 
trains,  these  long  tracks  should  be  provided  with  a  reasonable  pro- 
portion of  crossovers  to  thoroughfares  so  that  a  short  train  will 
not  block  the  entire  length  of  a  track  for  a  maximum  length  train. 
Also,  as  a  number  of  trains  have  cars  of  perishable  or  live  freight 
directly  behind  the  engine,  trackage  outlet  independent  of  the  regu- 
lar outlet  of  the  receiving  yard  should  be  provided  to  afford  a  di- 
rect and  immediate  movement  to  the  icing  plant  or  stockyard,  so 
the  road  engine  can  quickly  take  this  high  grade  freight  to  these 
points. 

The  time  of  a  train  in  a  receiving  yard  under  average  conditions 
should  not  exceed  one  hour,  for  the  purpose  of  cutting  off  the  road 
engine  and  the  caboose,  the  inspection  of  cars  for  defects,  and  the 
coupling  on  of  the  switch  engine  in  readiness  to  commence  breaking 
up  the  train.  This  hour  of  time  can  very  wisely  be  used  for  mak- 
ing the  light  repairs  to  the  cars  needing  such,  and  as  a  usual  thing, 
about  one-half  of  the  defective  cars  in  certain  large  yards  are  re- 
paired during  this  period  of  inspection.  This  is  accomplished  by 
stationing  a  squad  of  car  repairers  at  intervals  along  the  track 
the  train  is  entering,  with  a  few  tools  and  supplies.  This  work 
can  be  done  with  the  tracks  on  thirteen-foot  centers,  but  where 
there  is  space  available,  fourteen-foot  centers  are  preferable. 

The  number  of  tracks  in  such  a  yard  should  be  sufficient  to  hold 
the  accumulation  that  may  result  from  any  likely  derailment  in  the 
advance  movement  through  the  general  yard  system,  or  congestion 
from  other  causes. 

An  important  and  very  necessary  adjunct  to  a  receiving  yard., 
is  the  trackage  for  that  ever-present  evil  of  freight  traffic,  the 
"hold"  business.  There  are  always  cars  without  way  bills,  cars 
of  unconsigned  lumber  and  unconsigned  coal,  to  be  held  for  billing 
at  any  terminal ;  these  cars  should  never  be  allowed  to  block  a  re- 
ceiving yard.  Their  forward  movement  is  ordered  day  by  day. 
a  car  or  more  here,  and  a  car  or  more  there,  from  the  strings  of  cars 
on  the  hold  tracks.  It  is  manifestly  bad  operating  policy  to  clas- 
sify an  entire  string  of  cars  either  by  gravity  over  a  hump,  or  by 
poling  to  secure  an  occasional  car  for  which  billing  has  come ; 
it  is  also  bad  policy  to  dig  out  these  occasional  cars  from  the  long 
strings  of  cars  by  the  push  and  pull  method.     Accordingly,  there 
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should  be  placed  alongside  the  receiving  yard,  a  sufficient  number 
of  moderate  length  "hold"  tracks,  which  can  be  switched  by  the 
push  and  pull  method;  these  tracks  should  be  under  control  by 
the  most  generous  proportion  of  drill  tracks  of  the  entire  yard 
system.  The  writer  makes  it  a  practice  for  the  usual  coal  hold  yards 
to  equip  each  four  body  tracks  with  an  independent  ladder  drill 
track  at  each  end.  There  will,  of  course,  come  times  when  a  suffi- 
cient number  of  billing  orders  arrive,  to  justify  classifying  an  en- 
tire string  of  cars  from  a  given  track ;  the  proper  trackage  for  such 
a  contingency  should  be  provided. 

THE   SEPARATING  OR   CLASSIFYING  YARD. 

When  solid  trains  of  through  freight  come  into  a  yard  they  can 
go  onward  as  received  after  inspection,  change  of  crews  and-  inci- 
dental work,  without  being  broken  up.  For  this  class  of  trains 
a  b3'-pass  line  from  the  receiving  yard  to  the  forwarding  yard  un- 
obstructed by  the  usual  yard  work,  should  be  provided.  Nearly 
all  trains,  however,  contain  cars  of  local  freight  for  the  particu- 
lar division  point  where  the  yard  is  located,  or  of  interchange 
freight  for  other  railway  lines ;  and  cars  of  company  supplies,  bad 
order  cars  and  improperly  loaded  cars  are  usual.  Different  ruling 
grades  or  motive  power  assignment  on  the  next  division,  may  re- 
quire the  train  lightened  or  filled  out.  The  yard  may  also  be  a  junc- 
tion for  diverging  lines  of  the  railway,  and  trains  will  usually  have 
freight  for  each  line.  For  these  reasons,  the  cars  of  an  incoming 
train  must  be  separated,  assembling  on  one  track  the  cars  for  a 
given  destination  or  class  of  yard  work,  on  another  track,  cars  for 
another,  and  so  on  until  all  cars  for  a  similar  destination  are  to- 
gether. 

For  this  separation  work,  there  is  required  such  a  number  of 
tracks  as  the  number  of  classifications  suggest,  after  considering 
the  influence  of  acceptable  operating  demands,  the  yard  space 
available,  the  second  switching  needed  and  local  conditions.  It  is 
very  difficult  to  set  a  fast  and  hard  rule  as  to  the  number  of  tracks 
f-f^eded  without  a  thorough  knowledge  of  the  situation  at  the  pro- 
posed terminal,  and  it  would  render  this  article  unduly  tedious 
to  set  forth  all  the  deductions  from  the  various  contingencies  that 
may  develop  at  different  points.  Briefly,  it  may  be  said  that  the 
separating  \ard  should  be  designed  so  that,  so  far  as  possible, 
all  the  separating  of  different  cuts  of  cars  be  accomplished  when 
first  dropping  them  into  the  separating  yards ;  and  at  the  outlet 
end  of  the  separating  yard,  the  work  so  far  as  possible  should  be 
only  that  of  bunching  together  these  groups  of  cars  from  the  dif- 
ferent tracks  into  a  train  lot.  In  spite  of  the  most  favorable  de- 
sign, a  certain  amount  of  second  switching  at  the  outlet  end  of  the 
separating  yard  is  necessary  to  put  cars  into  train  order.  Where 
this  amount  is  small,  it  can  be  accomplished  by  the  push  and  pull 
method  by  providing  the  outlet  end  of  the  body  tracks  with  a  good 
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ladder  drill  system  so  that  engines  can  work  simultaneously  with- 
out delating"  each  other.  If  this  ''tail  switching"  aggregates  a  con- 
siderable amount  of  the  traffic  or  must  be  done  quickly,  the  cars 
should  be  taken  to  a  second  separating  yard,  more  properlv  called 
a  "grouping"  yard,  or  classifying  yard,  where  the  grouping  into 
train  order  can  be  done  without  interfering  with  the  functions 
of  the  main  separating  yard.  This  latter  grouping  yard  is  particu- 
larly needed  where  there  is  a  large  proportion  of  fast  freight  to  be 
handled.  The  length  of  the  individual  tracks  in  a  separating  yard 
is  usually  made  equivalent  to  a  maximum  train  length,  and  excel- 
lent operating  men  urge  this  as  advisable  at  the  present  day.  The 
writer  believes  that  in  nearly  all  cases,  such  tracks  should  be  of 
about  60  per  cent,  the  length  of  maximum  trains,  except  where 
traffic  is  so  regular  and  heavy  that  a  maximum  train  length  of 
cars  which  require  no  grouping  into  train  order  can  be  expected' 
to  accumulate  within  the  time  limits  that  such  cars  can  properly 
be  held  before  forwarding.  This  belief  is  based  upon  the  unfavor- 
able working  of  long  tracks  in  existing  yards  examined  by  the 
writer,  and  upon  the  following  theory :  a  classifying  or  separating 
yard  is  not  a  storage  yard,  nor  should  it  be  so  used  in  any  part,  as 
such  use  blocks  the  particular  tracks  from  receiving  additional 
cars,  as  the  work  of  separation  proceeds.  That  portion  of  the 
traffic  that  is  held  for  bills  or  is  unconsigned  should  be  moved 
to  a  "hold"  yard,  as  earlier  outlined.  All  other  freight  should  be 
separated,  made  up  into  trains  and  forwarded  as  a  continuous 
movement,  for  the  plain  business  reason  involved ;  these  reasons 
are,  the  better  use  of  the  equipment,  the  speedier  forwarding  of 
freight,  and  the  smaller  force  of  yard  men  thereby  required.  A 
train  is  ordinarily  made  up  by  coupling  together  the  accumulation 
of  cars  on  a  number  of  the  tracks  of  the  separating  yards,  until 
a  train  lot  is  assembled.  If  it  is  a  fast  freight  train,  the  high-class 
freight  that  is  accumulated  on  the  different  tracks  is  coupled  to- 
gether and  enough  cars  of  ordinary  freight  put  on  at  the  rear  end 
to  fill  out  the  train  to  the  desired  tonnage ;  the  road  crew  couples 
on  and  the  train  starts  on  its  road  movement. 

This  process  is  continually  recurring.  By  so  liandling  the  train 
make-up  work,  there  is  a  minimum  delay  to  the  cars  and  a  smaller 
force  of  engines  and  men  is  needed,  than  if  the  work  were  concen- 
trated after  certain  intervals  of  waiting  for  train  lots  of  a  single 
character  to  accumulate.  Granting  that  this  general  statement 
of  conditions  applies  to  a  given  freight  terminal,  it  is  clear  that  no 
good  end  would  be  served  by  constructing  long  tracks  in  the  par- 
ticular separating  yards,  and  it  is  likewise  clear  that  much  more 
rapid  coupling  together  of  accumulations  of  cars  on  each  of  a  num- 
ber of  tracks  can  be  done  if  those  tracks  are  of  moderate  length 
than  if  they  are  of  the  length  of  a  maximum  train.  Furthermore, 
it  is,  of  course,  less  costly  to  construct  and  maintain  a  yard  of  mod- 
erate length  separating  tracks,  than  of  longer  ones,  whether  the 
yard  be  on  a  level  grade  or  a  gravity  yard ;  similarly  it  is  clear 
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that  it  is  less  costly  to  separate  trains  into  a  yard  of  short  tracks 
than  of  long  ones. 

In  starting  this  discussion  of  the  length  of  the  tracks  the  writer 
said  that  the  statements  to  follow  applied  "except  where  traffic  is 
so  regular  and  heavy  that  a  maximum  train  length  of  cars  which 
require  no  grouping  into  train  order,  can  be  expected  to  accumu- 
late within  the  time  limits  that  such  cars  can  properly  be  held 
before  forwarding."  This  proviso  should  be  distinctly  considered, 
for  this  feature  has  often  proven  a  stumbling  block  in  a  yard  design. 

There  are  only  a  few  railways  in  this  country  whose  business 
at  the  largest  gateways  is  so  heavy  as  to  justify  the  adoption  of 
the  above  exceptions.  At  the  St.  Louis  gateway  for  instance,  the 
Gould  System  of  Railways  handle  about  66  per  cent,  of  the  total 
aggregate  business  of  the  twenty-three  railways  entering  that  im- 
portant gateway;  nevertheless,  the  rapid  forwarding  of  cars  de- 
manded by  the  conditions  of  competition,  absolutely  forbade  any 
construction  of  long  tracks  in  the  separating  yards  to  hold  accu- 
mulations of  cars  for  the  same  destination.  Accordingly,  the  sepa- 
rating tracks  at  Dupo  were  established  at  thirty-five  car  lengths 
each,  basing  this  upon  a  train  length  of  sixty  cars  as  the  maximum 
advisable  for  belt  line  movement.  At  Bufifalo,  the  slow  freight 
of  the  Vanderbilt  System  accumulates  rapidly  in  train  lots,  with 
practically  no  train  order  work  needed ;  accordingly  certain  tracks 
were  provided  to  hold  one  hundred  cars  each  in  the  separating 
yards ;  these  are  supplemented  by  shorter  tracks  for  fast  freight 
business. 

At  Pittsburgh,  traffic  probably  accumulates  fast  enough  to  jus- 
tify such  maximum  length  tracks ;  also,  at  the  heaviest  coal  re- 
ceiving points  on  the  eastern  lines  of  the  Pennsylvania  R.  R.  and 
the  New  York  Central  System,  and  possibly  other  lines,  and  at 
the  principal  tidewater  points  the  same  is  undoubtedly  true. 

The  tail  switching  at  the  outlet  end  of  the  separating  yards  has 
already  been  mentioned.  This  second  switching  is  very  much  of 
an  evil  at  best,  and  to  minimize  it,  the  outlet  end  should  be  ar- 
ranged for  the  most  advantageous  kicking  switching.  The  ladders 
so  provided  must  give  perfectly  free  movement  for  simultaneous 
drilling. 

THE   FORWARDING  YARD. 

When  a  train  is  made  up,  it  is  taken  to  the  forwarding  yard 
where  the  air  brakes  are  tested  and  coupled  together,  the  caboose 
and  road  engine  coupled  on,  the  starting  order  or  signal  given  and 
it  moves  forward  on  its  way  to  destination.  For  this  purpose  is 
required  tracks  to  hold  the  maximum  lengths  of  made  up  trains ; 
these  tracks  in  turn  should  have  crossovers  to  hold  two  short 
trains  on  a  single  track.  Lines  of  compressed  air  pipe  should  be 
provided.  The  caboose  tracks  should  be  close  to  one  end  of  this 
yard.     Some  railways  prefer  that  the  cabooses  be  kept  near  the 
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outgoing'  end  of  this  yard,  so  the  caboose  can  be  put  on  by  gravity 
or  otherwise  as  the  train  pulls  out ;  other  railways  insist  that  the 
cabooses  be  put  on  the  train  before  it  starts.  The  writer  sees  no 
marked  preference  either  way,  if  skill  is  used  in  designing  the 
tracks.  Thoroughfare  tracks  must  be  provided  in  sufficient  num- 
ber so  that  there  can  be  no  friction  or  delay  in  the  pulling  of 
made  up  trains  from  the  separating  yards  into  the  forwarding  yard, 
and  in  the  caboose  and  road  engine  movements. 

GENERAL    DETAILS. 
THE   TYPES   OF   FROGS   ADVISABLE. 

The  angle  of  frogs  generally  used  in  yard  tracks  have  been  one 
in  six  and  one  in  seven.  When  engines  and  cars  were  of  compara- 
tively light  weight  and  the  purchase  of  land  limited  to  the  smallest 
tracts  that  would  admit  of  a  working  arrangement,  there  was  jus- 
tification for  such  angles.  Since  the  Motive  Power  Departments 
began  flanging  all  driver  wheels,  and  the  weight  of  engines  has  in- 
creased so  much,  the  sharp  leads  required  by  these  short  angle 
frogs  have  been  expensive  and  difficult  to  maintain,  and  derail- 
ments much  increased.  This  is  generally  recognized,  and  easier 
frog  angles  are  being  favored  in  recent  years.  In  a  terminal  yard 
where  switching  is  constant,  no  frog  of  lighter  angle  than  No.  8 
should  be  permitted,  and  this  frog  only  in  the  portions  where  the 
work  is  done  exclusively  by  yard  switch  engines.  The  yard  and 
road  engines  of  the  present  day  will  frequently  derail  themselves 
on  a  No.  8  lead  in  perfect  condition.  In  the  receiving  and  forward- 
ing yards,  where  the  road  engines  must  move,  and  in  the  approaches 
to  the  humps  of  gravity  yards,  the  frogs  should  be  No.  9  at  the 
sharpest  and  No.  10  if  practicable.  The  enormous  engines  used  for 
hump  engines  are  very  destructive  of  switch  leads  and  will  derail 
themselves  frequently  on  sharp  leads.  In  the  ladder  leads  of  sepa- 
ration yards  operated  by  gravity,  the  curvature  of  the  switch  leads 
must  not  be  such  as  to  bind  the  cars  running  around  them  ;  a  No. 
8  frog  is  the  sharpest  justifiable,  and  No.  9  the  preferable  angle 
at  this  point.  These  general  rules  as  to  frog  angles  may  seem  hard 
to  follow  on  a  given  strip  of  land  ;  but  the  evil  of  their  disregard  is 
certain.  The  writer  makes  it  a  practice  to  make  the  diverging 
angle  of  the  body  track  as  large  as  possible  and  carry  the  curve 
beyond  the  frog  to  make  up  the  total  central  angle.  In  portions  of  a 
yard  where  there  is  very  little  switching,  this  method  can  be,  varied 
to  permit  alternate  body  tracks  to  act  as  a  subordinate  ladder  for 
another  body  track,  thus  placing  upon  the  main  ladder  only  one- 
half  the  switch  leads.  This  device  must  not  be  used  in  ladders 
where  there  is  considerable  switching,  as  its  use  involves  delay 
in  work  and  danger  to  the  switchmen,  and  is  certain  to  cause  side 
stripping  of  cars  occasionally. 
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LADDER   LEADS. 

Ladder  leads  should  be  adapted  to  the  needs  and  use  of  the 
body  tracks  they  control.  They  should  be  as  short  as  business  per- 
mits, and  the  body  tracks  that  one  ladder  cannot  well  control 
should  be  coupled  to  another  ladder.  It  is  generally  conceded  by 
operating  men  that  a  single  switch  engine  cannot  economically 
switch  more  than  eight  tracks.  This  rule  would  make  that  num- 
ber the  maximum  number  of  body  tracks  to  couple  into  a  single 
drill  track.  Plate  2  shows  a  combination  of  three  units  of  eight 
tracks  per  ladder  illustrating  the  simplest  type  of  classifying  yards 
In  such  an  arrangement  three  engines  could  be  switching  continu- 
ally without  friction.  Before  accepting  the  above  rule  as  conclu- 
sive in  a  given  case,  the  number  of  separations  required  to  put  a 
train  into  proper  order  for  forward  movement  must  be  caiisidered. 
If  there  are  more  than  six  groupings  required,  and  only  eight 
tracks  provided,  a  corresponding  amount  of  temporary  bunching 
and  re-switching  will  be  necessary.  Conditions  often  require  fif- 
teen to  twenty  classifications  to  make  up  cars  into  train  order,  and 
these  conditions  must  be  met  satisfactorily,  if  economical  and  effi- 
cient work  is  to  be  secured.  At  such  points,  if  the  separation  work 
is  to  be  handled  by  the  push  and  pull  method,  two  drilling  leads 
can  be  designed  with  half  the  total  number  of  classification  tracks 
needed,  coupled  to  each  ladder ;  between  these  two  drill  tracks 
should  be  placed  two  receiving  tracks  common  to  each  drill.  Upon 
these  special  receiving  tracks  can  be  placed  the  overflow  groups 
from  one  side  that  are  to  be  later  grouped  on  the  other  side  and 
vice  versa.  This,  of  course,  means  re-switching,  but  there  is  no 
better  solution  of  this  difficulty,  and  the  usual  custom  is  more 
disadvantageous.  Plate  3  indicates  a  combination  of  two  units 
of  eight  tracks  per  ladder  .with  the  two  common  tracks  between 
for  receiving  the  overflow  cars  from  either  side  to  meet  such  con- 
ditions. 

In  the  hump  \ard  system,  the  above  rules  do  not  obtain  in  the 
gravity  portion  of  the  separating  yard.  Here  the  motive  force 
that  starts  each  car  and  moves  it  forward  into  and  partly  through 
the  separating  yard,  is  gravity  only ;  the  only  work  required  of 
the  switch  engine  to  efifect  the  separation  of  the  cars  is  to  push 
a  train  up  to  and  over  the  apex  of  the  hump.  If  the  track  arrange- 
ment and  adjustment  of  gravity  ratios  beyond  the  apex  are  prop- 
erly designed,  the  cars  will  run  over  a  single  track  throat  into 
the  respective  tracks  of  the  separating  yard  faster  than  it  is  phy- 
sically possible  to  bring  them  to  the  apex  by  the  most  advanta*^- 
eous  track  arrangement.  Accordingly,  there  is  no  object  in  pro- 
viding more  than  a  single  track  throat  to  such  a  yard.  The 
usual  difficulties  with  gravity  separation  yards  are  due  to  improper 
adaptation  of  gravity,  sharp  switch  leads  and  unnecessarily  curved 
ladder  leads,  which  cause  the  cars  to  bind  and  either  lag  or  en- 
tirely stop  before  reaching  the  right  point ;  also  excessively  long  lad 
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ders  which  call  for  high  humps,  slower  movement  of  trains,  greater 
forces  of  riders  and  other  evils.  The  question  of  gravity  ratios 
will  be  taken  up  later  in  this  article.  The  track  arrangement 
should  be  based  upon  coupling  to  a  single  ladder  not  more  than 
ten  tracks  in  the  very  largest  yard,  and  not  more  than  six  tracks, 
if  possible,  in  other  yards;  if  a  given  hump  yard  is  to  have  twent}- 
four  tracks,  four  ladders  each  with  six  tracks  coupled  would 
be  required.  If  thirty  tracks  are  needed  it  would  be  better  that 
eight  tracks  each  be  coupled  to  two  ladders  antl  seven  each  to 
the  other  two  ladders,  as  it  is  seldom  advisable  to  put  more 
than  four  ladders  in  a  yard,  owing  to  the  extra  curvature  in- 
volved in  the  tracks  from  the  fifth  and  sixth  ladders.  This  ar- 
rangement of  four  ladders  is  shown  in  Plate  4  in  comparison 
with  two  ladders  for  the  same  number  of  body  tracks,  and  a  pro- 
file for  each,  all  drawn  to  the  same  scale  and  for  similar  operat- 
ing conditions.  The  advantage  of  the  four  ladder  scheme  is  man- 
ifest. 

In  a  hump  yard  the  ladder  switches  at  the  entrances  of  the  body 
tracks  can  be  operated,  either  automatically  from  a  tower  at  the 
throat  of  the  yard,  or  by  individual  switch  tenders.  Excellent 
electro-pneumatic  systems  for  handling  these  switches  are  used 
at  various  of  the  larger  yards,  satisfactorily  to  the  operating 
officers.  On  the  other  hand,  the  switch  tenders  are  used  at  other 
yards  with  even  greater  satisfaction.  The  electro-pneumatic 
method  is  the  more  economical  of  the  two,  but  has  the  disadvan- 
tage of  being  slower  in  operation. 

PULL  UP  ENGINE  OR   CAR. 

In  a  busy  yard  there  is  distinct  economy  in  providing  air  en- 
gine or  troilev  car  to  bring  the  switchman  back  up  to  the  hump 
after  riding  a  car  to  place.  Usually  some  old  light  engine  is 
assigned  to  this  work.  Gasoline  cars  have  been  tried,  but  are 
s6  continually  breaking  down  as  to  be  of  little  value.  A  trolley 
car  is  probably  much  the  cheapest  device  for  this  work.  For 
the  movement  of  these  cars  a  separate  track  should  be  provided 
at  about  midway  of  the  yard ;  if  the  yard  is  a  large  one,  two  such 
tracks  may  be  advisable,  with  two  trolley  cars  or  engines. 

THE  TR.'\CK   SCALE. 

There  are  few  questions  in  yard  design  more  annoying  than 
the  proper  location  for  the  track  scale.  At  terminal  points,  where 
large  yards  are  needed,  there  is  usually  a  considerable  propor- 
tion of  the  total  business  to  be  weighed.  If  this  percentage  jus- 
tifies it,  the  scales  can  be  placed  on  the  hump  alongside  of  and 
parallel  with  the  regular  entrance  track  to  the  separating  yard, 
so  that  the  trains  containing  weigh  cars  can  pass  over  the  scale 
as  they  enter  the  yard.  This  is  the  quickest  method  of  weighing. 
It   is,  however,  a  distinct  misfortune  to  all   other  traffic   to  place 
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the  scales  on  the  hump,  as  the  adjustment  of  gravity  ratios  to 
properly  move  cars  for  weighing  is  not  the  most  advantageous 
for  other  freight.  Cars  can  be  weighed  satisfactorily  to  the  weigh- 
ing associations,  while  running  free,  at  the  rate  of  abopt  four  a 
minute.  If  there  was  a  continuous  supply  of  cars  available  and 
there  were  no  delays  in  moving  them  forward  to  the  liump,  this 
would  mean  the  weighing  of  240  cars  per  hour,  cn-  in  the  ten 
hours  of  the  days  work,  2,400  cars,  and  in  the  ten  hours  of  night 
work,  about  25  per  cent,  less,  or  a  total  of  4,200  cars  per  day. 
As  a  fact,  however,  the  interruptions  to  work  are  so  continual  as 
to  cut  the  daily  weighing  down  to  about  one-third  of  this  amount. 
On  the  other  hand,  the  grades  that  are  suitable  for  a  plain  throat 
track,  free  from  scales,  will  permit  the  classification  of  cars  faster 
than  it  is  possible  to  bring  them  up  the  hump.  The  writer  has 
seen  eleven  cars  per  minute,  classified  over  a  well  arranged  hump 
until  the  car  supply  gave  out,  and  from  average  results  from  sev- 
eral yards  known  to  the  writer  he  thinks  it  safe  to  count  on  an 
average  of  3,000  cars  per  day  of  20  hours  as  readily  possible, 
even  under  adverse  conditions,  with  an  ordinary  force  of  riders, 
and  no  special  eitort.  These  conditions  urge  one  to  attempt  to 
locate  the  scales  elsewhere  than  on  the  hump. 

In  developing  plans  to  be  submitted  for  the  Bufifalo  Terminal 
Yards  of  the  New  York  Central  Lines,  to  be  located  at  Garden- 
ville,  just  southeast  of  Buffalo,  N.  Y.,  where  the  proportion  of 
cars  to  be  weighed  was  unusually  small,  the  following  scheme 
was  developed ;  for  heavy  runs  of  weigh  cars,  a  scale  was  placed 
at  the  mid-length  of  an  independent  track,  extending  outside  of 
and  alongside  the  general  separation  yard  from  its  outlet  back- 
ward to  the  receiving  yard.  The  weigh  cars  were  to  collect  on 
a  particular  track  in  the  separating  yard  up  to  the  capacity  of  an 
engine  to  handle  readily.  They  are  then  pulled  out  from  the  sep- 
arating yard,  and  pushed  backward  to  the  scale  track,  and  weighed 
as  they  move  over  the  scale  towards  the  receiving  yards.  When 
weighed,  they  are  pushed  to  the  entrance  to  the  hump,  ready  for 
re-classification  for  destination.  The  easiest  way  to  re-classify 
is,  of  course,  by  gravity,  and  the  cars  are  in  the  correct  place  for 
moving  over  the  hump  for  this  purpose.  The  backup  movement 
involved  in  this  scheme  of  weighing  is  unfortunate,  but  is  a  much 
less  evil  than  is  involved  in  placing  the  scale  on  the  hump.  For 
comparatively  light  business,  a  distinct  improvement  in  the  above 
scheme  for  weighing  was  suggested  for  the  Buffalo  Terminal, 
by  Mr.  R.  O.  Rote,  Principal  Assistant  Engineer,  L.  S.  &  M.  S. 
Ry.  The  scale  was  placed  at  the  mid-length  of  the  outside  body 
track  of  the  general  separating  yard,  and  the  particular  gravity 
ladder  running  from  the  throat  of  the  yard  to  this  track  was  con- 
nected to  a  thoroughfare  track  by  a  trailing  switch.  After  the 
upper  end  of  the  gravity  scale  track  was  filled  from  the  scales 
to  this   trailing  switch,  a   yard   engine   ran   through   to   the   cars, 
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pushed  them  over  the  scales,  then  reversed,  puUing  them  back, 
via  the  outside  thoroughfare  around  the  hump  to  the  receiving 
yard,  and  reversing  again,  pushed  them  over  the  hump.  This 
movement  interferes  sHghtly  with  yard  operation  but  can  usually 
be  performed  to  fit  in  with  other  work  smoothly,  and  for  such 
amounts  of  business  as  it  can  handle,  it  is  distinctly  the  best  ar- 
rangement known  to  the  writer. 

THE  ADJUSTMENT  OF  GRAVITY  RATIOS,  IN  A  GRAVITY  TERMINAL  YARD. 

The  movement  of  a  train  of  cars  up  and  over  a  gravity  hump, 
is  for  the  purpose  of  placing  the  cars  at  such  a  height  as  to  secure, 
by  the  aid  of  gravity,  for  each  cut  of  cars,  a  quick  start  forward 
as  the  cut  passes  beyond  the  apex  of  the  hump,  and  momentum 
sufficient  to  carry  the  cut  onward  through  the  arrangement  of 
switches  into  the  proper  track  in  the  classifying  yard,  and  onward 
through  this  track  until  the  lessened  grade  of  the  body  of  the 
classifying  yard  causes  the  cut  of  cars  to  stop  from  the  combined 
friction  of  the  car  journals,  the  resistance  due  to  low  joints,  poor 
line  and  worn  rail  usual  in  yard  tracks. 

Analyzing  this  movement  in  detail,  it  can-  be  resolved  into 
the  following  elements,  each  of  which  is  essential  and  each  of 
which  calls  for  the  proper  adjustment  of  gradient  and  alignment 
in  yard  design. 

The  initial  start  of  a  cut  of  cars  is  caused  by  the  grade  placed 
just  beyond  the  summit  of  the  hump;  this  start  corresponds  to  the 
thrust  given  cars  by  the  boom  of  the  poling  car  in  a  poling  yard 
or  to  the  "kick"  given  by  the  switch  engine  in  the  ordinary  "kick- 
ing" yard.  This-  starting  grade  is  usually  called  the  "momentum" 
grade ;  and  as  this  entrance  point  controls  all  movements  into  the 
classification  yard,  any  delay  at  this  point  would  to  that  extent 
lessen  the  operating  capacity  of  the  yard,  regardless  of  favor- 
able arrangements  elsewhere.  Furthermore,  if  the  momentum  im- 
parted is  not  sufficient  to  carry  the  car  through  the  distance  it 
must  run  at  the  best  rate  of  speed  consistent  with  safe  operation 
the  yard  is  again  limited  in  capacity.  Accordingly,  the  grade  must 
be  sufficient  to  start  the  cut  of  cars  quickly  forward,  and  it  must 
impart  sufficient  momentum  to  keep  the  car  going.  This  mo- 
mentum should  theoretically  be  assisted  by  sufficient  grade  beyond 
the  limits  of  the  hump  grade  to  enable  the  car  to  run  over  the 
switches  at  the  throat  of  the  yard  and  in  the  ladder  leads  and 
around  the  curves  at  these  points,  until  the  cut  reaches  the  proper 
destination  track  of  the  yard  at  the  uniform  speed,  but  not  to  in-- 
crease  the  rate  of  speed.  This  grade,  properly  called  the  "continu- 
ing" grade,  is  an  important  feature,  as  the  lagging  of  cars  on  the 
ladder  leads,  resulting  from  insufficient  grade,  would  limit  to  that 
extent  the  operating  capacity  of  the  yards,  and  in  most  yards  does 
do  so.  Other  considerations,  however,  affect  a  decision  as  to  this 
advisable  gradient,  and  compel  the  proper  rate  to  be  exceeded  to 
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meet  difficulties  of  operation.  A  hard  moving  car,  although  given 
the  proper  momentum  at  the  hump,  will  lag  on  the  ladders  and 
delay  other  cars  following  it ;  and  unless  the  grade  of  the  ladders 
is  sufficient  to  quickly  start  forward  these  delayed  cars  when  the 
hard  moving  car  has  entered  its  destination  track  and  cleared  the 
ladder,  the  slow  movement  of  one  car  will  be  continued  to  a  ser- 
ious degree  in  the  following  cars.  Accordingly,  this  continuing 
grade  must  be  steepened  for  this  purpose  so  that,  when  needed, 
it  will  act  as  an  accelerating  grade. 

Once  in  on  the  destination  track  of  the  separating  yard,  the 
car  should  have  sufficient  momentum  to  carry  it  well  onward  to- 
ward the  out-going  end;  and  in  this  latter  portion,  it  should  be 
stopped  by  the  friction  of  its  own  movement  by  lessening  or  dis- 
continuing the  grades.  To  assist  the  car  in  keeping  its  momentum 
in  the  eadier  part  of  this  run  through  the  yard,  a  few  hundred 
feet  of  grade  equal  to  the  friction  of  the  car  journals  and  track 
condition  is  provided.  This  grade  is  the  "drifting"  grade.  The 
"checking"  grade  that  follows  is  very  largely  determined  by  the 
length  of  the  individual  tracks  of  the  classifying  yard,  so  that 
cars  may  not  be  stopped  too  early. 

APPLICATION  OF  THE  THEORY  OF  GRADES. 

In  deciding  what  rates  of  descent  will,  by  the  force  of  gravity, 
cause  the  cars  to  move  as  above  outlined,  a  number  of  conditions 
affecting  operation  must  be  considered.  In  addition  to  the  theo- 
retical grade  required  to  overcome  the  ordinary  rolling  friction 
of  cars  on  tangent,  must  be  added  compensation  for  curvature 
of  switch  leads,  compensation  for  the  friction  due  to  low  joints, 
worn  rails,  and  inferior  line  unavoidable  in  yards  ;  also  the  extra 
force  of  wind  against  cars  on  the  high  portion  of  the  yard  must 
be  provided  for,  and  at  the  hump,  in  addition  to  all  these  consid- 
erations, the  grade  must  be  adjusted  to  give  a  quick  start  forward. 

Also,  there  must  be  considered  the  effect  of  low  temperatures 
of  the  winter  season  on  the  car  journals,  and  the  still  more  in- 
convenient feature  introduced  by  the  occasional  hard  running  car ; 
freight  equipment  is  subject  to  hard  usage  and  comparatively 
scant  care,  and  some  cars  require  more  grade  to  run  moderately 
than  others  do  to  run  freely.  As  the  slow  running  car  must  not 
be  allowed  to  delay  movements,  the  gradients  must  be  adapted  to 
its  condition,  and  the  more  freely  running  cars  controlled  by  the 
brakes.  Furthermore,  empty  cars  start  more  slowly,  run  harder 
and  are  more  retarded  by  wind  pressure,  than  loaded  cars. 

Accordingly,  in  selecting  the  combination  of  grades  for  a  given 
yard,  after  ascertaining  the  classes  of  traffic  to  be  handled,  and  the 
special  handling  involved,  the  final  decision  as  to  the  gravity  ratios 
is  based  on  those  that  will  satisfactorily  move  the  hard  running 
cars  under  adverse  conditions  of  the  weather,  wind,  and  track; 
the  free  running  car,  if  unbraked,  would  gain  a  higher  speed  on 
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such  grades  than  advisable  for  safe  operation,  and  the  brakes  are 
depended  upon  for  this  checking. 

In  determining  the  aggregate  effect  of  the  elements  of  compen- 
sation, dependence  must  be  placed  upon  the  results  of  the  use  of 
the  existing  yards  of  the  gravity  type. 

From  the  day  of  the  early  gravity  yard  of  the  Lackawanna  Rail- 
road at  Hoboken  in  successful  operation  in  the  early  '70's,  up  to 
the  present  time,  the  trying  of  dift'erent  gradients  has  continued, 
and  few  engineers  are  yet  convinced  as  to  the  proper  adjustment. 
The  momentum  grades  that  have  been  used,  vary  from  0.75  per 
cent,  to  7.0  per  cent,  for  a  distance  of  one  hundred  feet  or  more ; 
ladder  grades  have  varied  from  0.5  per  cent,  to  2.0  per  cent. ; 
drifting  grades  have  been  the  usual  theoretical  rate  of  0.4  to  0.5 
per  cent.,  and  the  checking  grade  has  varied  from  a  level  to 
0.3  per  cent.  It  is  said  to  be  the  custom  of  some  companies  to  put 
up  a  steeper  momentum  grade  in  winter  to  overcome  the  effect 
of  the  greater  friction  of  the  car  journals ;  this  has  been  done  at 
Pitcairn  and  Altoona,  Pennsylvania,  but  the  faster  movement  of 
cars  caused  thereby  was  so  desirable  that  the  winter  grades  were 
not  cut  down  when  warm  weather  came,  and,  the  writer  under- 
stands they  continue  so  today. 

With  all  these  considerations  must  be  balanced  the  danger  of 
smashing  cars,  due  to  possible  excessive  gradients  and  the  failure 
of  brakes  or  their  improper  application.  It  must  be  recognized, 
though,  from  the  smashing  of  cars  in  yards  of  the  lightest  gradients 
in  use,  when  brakes  fail,  that  it  is  impossible  to  design  a  gravity 
yard  even  at  great  sacrifice  of  efificiency  in  operation,  that  will 
prevent  damage  to  the  unbraked  car. 

Accordingly,  the  brakes  must  be  depended  upon  to  control  the 
cars  when  needed,  and  the  car  without  a  brake,  or  with  a  defective 
brake,  must  be  either  herded  out  for  repairs  or  dropped  down  into 
the  classifying  yard,  coupled  to  the  next  car  for  weeding  out 
through  the  outlet  end.  As  a  matter  of  fact,  bad  order  in  hand- 
brakes is  quickly  detected  in  the  inspection  of  the  train  in  the  re- 
ceiving yard  and  usually  remedied  at  once,  and  little  breakage  re- 
sults in  a  well  handled  yard  for  bad  order  brakes. 

After  consideration  of  these  matters  and  examination  of  the 
actual  working,  day  and  night,  good  weather  and  bad,  of  the  prin- 
cipal gravity  yards  of  this  country,  the  writer  respectfully  recom- 
mends as  the  proper  grades  the  following  ratios  upon  which  was 
based  the  combination  of  grades  for  the  Dupo  yards  of  the  Gould 
System : 
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Northern  Climate  Southern  Climate 

Point  on  Gravity  System,   Momentum  Grade  (with  no  scale  on  hump  tracks 

For  Loaded  Cars 
200  feet  of  3.0  per  cent  grade.  200  feet  of  2.5  per  cent  grade. 

For  Empty  Cars 

200  feet  of  4.0  per  cent  grade.  200  feet  of  3.0  per  cent  grade. 

*Momentum  Grade  With  Track  Scale  on   Hump  Track 

25    feet    effective  4   per  cent   grade,  25    feet    effective    4  per   cent  grade, 

followed  by  scale  on  1  per  cent   grade,        followed  by  scale  on   1  per  cent  grade, 

followed  by  easy  vertical  curve,  say,  50       foUowek  by  easy  vertical  curve,  say,  50 

feet  in  length,   followed  by  200  feet  of       feet   in  length,  followed  by  200  feet  of 

3.0  per  cent  grade   for  loaded  cars,  or       2.5  per  cent  grade  for  loaded  cars,   or 

.200  feet  of  4.0  percent  for  empty  cars.       200  feet  of  3.0  per  cent  for  empty  cars. 

Ladder  Grade  for  Loaded  Cars 
0.9  per  cent  throughout.  0.7  per  cent  throughout. 

For  Empty  Cars 
1.2  per  cent  throughout.  1.0  per  cent  throughout. 

Continuing  Grade  Through  Yard — For  Loaded  Cars 
0.3  per  cent.  0.3  per  cent. 

For  Empty  Cars 
0.4  per  cent.  0.3  per  cent. 

Checking  Grade 
Between  0.0  and  0.2,  dependent  upon  length  of  tracks. 

In  case  curvature  exceeding  eight  degrees  per  hundred  feet  is 
used  in  any  switch  leads  from  the  hump  downward,  compensate 
for  the  excess  over  eight  degrees  beyond  the  grades  above  su;^- 
gested  at  the  rate  of  o.o6  per  cent,  per  degree  of  central  angle 
per  station  at  the  point;  and  in  case  of  any  curvature  in  the  ladder 
track  or  body  tracks  of  the  separating  yards,  it  should  be  compen- 
sated for  at  the  rate  of  0.04  per  cent,  per  degree  of  central  angle 
per  station  at  the  point.  Instead  of  the  usual  method  of  compen- 
sation, tlie  friction  of  curvature  of  switch  leads  can  be  provided 
for  by  dropping  the  body  tracks  downward  by  a  stiff  vertical  curve 
just  beyond  the  end  of  the  frog. 

The  recommendation  of  compensation  for  curvature  is  the  re- 
sult of  observation  of  the  lagging  of  cars  in  yards  where  com- 
pensation has  been  omitted.  The  rate  of  compensation  is  placed 
higher  than  for  main  track  because  of  the  poorer  conditions  that 
prevail  in  yard  track. 

No  less  important  than  the  adoption  of  proper  ratios  of  grade 
is  the  placing  of  the  apex  of  the  hump  as  close  as  possible  to  the 
entrance  of  the  yard;  so  vital  is  this  consideration  that  a  yard, 
correct  in  all  other  respects,  will  be  a  failure  if  this  point  is  ig- 
nored. 


When  scales  are  required  on  the  hump,  put  two  tracks  over  the  hump,  one  for 
the  plam  track  movement,  one  for  cars  to  be  weighed,  combining  the  grades  at  a 
point  reaching  the  entrance  to  the  yard. 
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These  conclusions  are  based  upon  examination  of  the  following- 
yards,  whose   important  grade  characteristics   are  mentioned : 


Railway 

Chicago  Union 
Transfer  Ry. 

P.  F.  W.  &  C.  Ry. 
P.  C.  C.  &  St.  L.  Ry. 
L.  S.  &  M.  S.  Ry. 
L.  S.  &  M.  S.  Ry. 
P.  F.  W.  &  C.  Ry. 
Pennsylvania  R.  R. 

P.  C.  C.  &  St.  L.  Rv. 
Pennsylvania  R.  R. 


Location 

Clearing,  Cook  Co., 
111. 

55th   St.,    Chicago. 
Logansport,  Ind. 

Elkhart,  Ind. 

Collinwood,  Ohio. 

Conway,  Penna. 

Altoona,  Penna. 

Scully,    Penna. 
Harrisburg,  Penna. 

Fairview,  Penna. 

Marysville,    Penna. 

Alexandria,  Va. 
Greenville,  N.  J. 


Yard 
Both    Ways 

Eastbound 
Westbound 

Eastbound 
Westbound 

Eastbound 
Westbound 

Eastbound 
Westbound 

Eastbound 
Westbound 

Eastbound 

Westbound  ^. 

One  only 

No.  4  Westb'd. 

Eastbound 
Westbound 

Eastbound 
Westbound 

Eastbound 
Westbound 

Tidewater 


Gravity      Ratios 

Hump       Ladder 

','00  ft.   AM       0.9^ 


loOft. 
150  ft. 


*125ft.  2A% 
*2oOft.  L45^ 


200  ft. 
200  ft. 

200  ft. 
200  ft. 

210  ft. 
480  ft. 

185  ft. 
125  ft. 
100  ft. 

100  ft. 

150  ft. 

150  ft. 
125  ft. 

250  ft. 
225  ft. 

100  ft. 
100  ft. 

50  ft. 


4.0^ 

4.0^ 

4.0^ 
■i.0% 

3.0$? 
\M 

AM 
A.0% 
3.5^ 

2.5^ 

3.6^ 

3.6^- 

5.5^ 

2.5^ 
2.0% 

2.5^ 
2.5^ 

9,  r-,< 


0.5% 
0.5;^ 

0.5^ 
0.43^ 

1.0^ 
1.0^ 

1.0^ 
1.0^ 

\.0% 
10.6^ 

0.9^ 

0.92^ 

1.3^ 

1.8^ 

\.2% 

\.2% 
1.0^ 

1.2^ 
1.2^ 

LO^ 
1.0^ 


Of  the  above  yards,  the  most  satisfactory  in  operation  are  the 
Elkhart  yards  and  the  Collinvv^oc  yards  of  the  L.  S.  &  M.  S.  Ry., 
the  Harrisburg-  No.  4,  and  the  Enola  yard  of  the  Pennsylvania  R. 
R.  Each  of  these  have  momentum  grades  of  3.5  per  cent,  to  5.5 
per  cent,  and  are  stated  to  be  entirely  satisfactory  by  the  local. 
division  and  general  officers.  In  making  this  statement  it  is  only 
fair  to  say  that  this  conclusion  was  formed  by  the  writer  prior 
to  his  entering  the  service  of  the  L.  S.  &  M.  S.  Ry. 

The  Clearing  yard,  more  generally  known  as  the  "Stickney" 
yard,  and  the  Alexandria  yard,  were  not  in  operation  when  ex- 
amined by  the  writer. 

There  are  other  extensive  and  well  tried  yards  in  the  United 
States,  which  the  writer  has  not  had  opportunity  to  examine. 

The  New  York  Central's  yards  at  DeWitt  and  Albany,  the  P., 
C,  C.  &  St.  L.  Ry.  yards  at  Columbus,  Ohio,  and  the  Pitcairn 
yards,  near  Pittsburgh,  and  the  Hazelton  yards  of  the  Pittsburg  & 


^Combination  of  various  grades,  averaging  about  this  ratio. 
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Lake  Erie  Railroad,  near  Youngstowii,  Ohio,  have  not  been  per- 
sonally examined,  although  each  of  them  is  an  important  point 
and  would  afford  much  information.  Verbal  advices  from  the 
operating  or  engineering  authorities  at  each  of  these  points,  how- 
ever, have  been  received  which  confirm  the  conclusions  shown  in 
the  preceding  tabulation  of  advisable  grades. 

THE  GENERAL  RELATION  OF  THE 
COMPONENT   PARTS   OF  A  YARD   SYSTEM. 

•It  need  hardly  be  said  that  the  relative  physical  position  of  the 
receiving  yard,  the  separating  yard  and  the  forwarding  yard  should 
be  such  that  the  movement  of  cars  will  be  forward  toward  destina- 
tion. This  calls  for  a  tract  of  land  from  one  to  four  or  five  miles 
in  length,  which  is  often  impracticable  to  secure  at  a  justifiable 
price.  This  rule  can  be  violated  apparently  with  impunity,  and 
still  by  good  design  in  the  yard  arrangement,  not  appreciably  de- 
lay traffic;  just  where  to  draw  the  line  in  a  dicision  is  very  hard 
to  say.  For  instance,  the  New  Orleans  Terminal  Yard  of  the  Illi- 
nois Central  Railroad  at  Harahan,  Louisiana,  is  placed  substantially 
at  right  angles  to  the  main  track  of  the  Illinois  Central  and  Yazoo 
and  Mississippi  Valley  Railroads.  It  is  stated  by  the  present  gene- 
ral officers  of  those  companies  to  be  satisfactory  in  operation  in 
spite  of  the  fact  that  when  a  train  has  gone  through  the  yard  it 
is  physically  no  farther  along  toward  destination  than  when  it 
entered  the  yard.  At  Collin  wood,  Ohio,  are  the  two  gravity  yards 
of  the  Lake  Shore  &  Michigan  Southern  Railway,  one  for  east 
bound  traffic,  one  for  west  bound  traffic.  Both  yards  are  con- 
structed for  moving  cars  directly  to  the  west  owing  to  the  natural 
slope  of  the  original  surface  being  descendent  to  the  west.  No 
appreciable  delay  is  experienced  in  handling  the  heavy  east  bound 
traffic  in  a  westward  yard  movement  at  this  point. 

In  the  smaller  yards,  operated  by  the  push  and  pull  method,  the 
local  conditions  almost  absolutely  control  the  relative  location  of 
the  different  parts  and  no  other  general  rule  can  be  given  than 
the  one  above,  and  the  discussion  under  the  sub-heading  of  "lad- 
der leads."  The  skill  with  which  the  general  principles  of  yard 
design  are  adapted  to  a  given  point,  determines  the  efficiency  of 
a  yard.  All  the  demands  of  a  fairly  busy  point  can  be  met  by  a 
yard  of  eight  body  tracks  and  the  auxiliary  facilities  under  good 
arrangement. 

Plates  2  and  3  show  the  arrangement  of  drilling  lead  and  body 
tracks  of  these  simpler  types  of  yards,  to  be  embodied  in  the  design 
of  a  small_  yard  for  a  particular  point.  These  give  eight  tracks 
as  the  advisable  number  on  a  single  drill  track.  Such  an  arrange- 
ment makes  one  body  track  a  receiving  track,  another  body  track 
the  forwarding  track  upon  which  the  new  train  is  made  up,  and 
assigns  the  other  six  tracks  for  the  classification  work.  No  at- 
tempt has  been  made  to  more  than  show  the  units  of  the  advisable 
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arrangement  for  classifying ;  this  work  is  the  most  important  of 
the  yard,  and  if  it  is  well  provided  for,  there  need  be  no  difficulty 
in  adding  the  car  repair  tracks,  caboose  tracks  and  other  facilities 
needed.  The  amount  of  elaboration  of  these  units,  the  addition 
of  other  tracks  at  either  end  to  act  as  receiving  and  forwarding 
tracks,  and  other  increased  construction,  all  depends  on  the  amount 
of  business  anticipated. 

•THE   AUXILIARY   FACILITIES    REQUIRED    IN    A   TERMINAL 
YARD,  AND  EQUIPMENT  FOR  CONVENIENT  WORKING. 

The  special  work  to  be  done  in  terminal  yards  is  more  or  less 
similar  in  all  localities.     It  consists  of  items  a  follows : 

The  repair  of  cars  found  to  be  defective.  This  work  ma}-  or  may 
not  require  the  contents  of  the  car  to  be  transferred.  The  propor- 
tion requiring  transfer  would  probably  not  exceed  one-quarter  of  the 
total  number  of  bad  order  cars. 

The  adjustment  of  shifted  loads.  It  is  difficult  to  load  and  bind 
certain  classes  of  freight  to  hold  to  position,  and  such  loads,  when 
shifted,  must  be  replaced  for  safe  forwarding.  This  is  particularly 
true  of  lumber,  which  frequently  shifts.  It  is  not  necessary  to 
transfer  to  another  car  such  loads,  unless  damage  has  resulted  to 
the  car.  Shifted  loads  of  lumber  on  plain  flats  can  be  squared  up 
by  pushing  against  the  shifted  lumber  a  "squaring  car." 

The  rearranging  of  improperly  loaded  cars  into  proper  cars. 

The  transferring  of  contents  of  cars,  to  save  per  diem  or  penalty. 

The  transferring  of  contents  of  cars,  to  utilise  equipment  to 
greater  advantage. 

The  consolidating  of  partial  car-load  lots  to  secure  greater  ton- 
nage. 

The  transferring  of  L.  C.  L.  freight  to  suit  destination. 

The  transferring  of  special  products  to  permit  of  classification 
and  distribution  according  to  destination  as  thereby  determined. 

This  work  of  transferring,  rearranging,  and  consolidating  freight 
is  an  attendant  evil  in  all  terminals ;  it  cannot  be  overlooked  except 
at  distinct  disadvantage.  Properly  handled,  it  favorably  affects  the 
tonnage  showing,  the  time  showing,  and  the  economy  of  operation. 
For  its  convenience  should  be  furnished  a  sufficient  number  of 
parallel  tracks,  with  a  covered  transfer  platform  at  some  central 
point,  and  individual  platforms  also  between  each  two  tracks.  The 
object  of  these  platforms  is  to  save  spotting  the  cars  and  to  permit 
free  movements  of  truckmen  up  and  down  the  Tines  of  cars;  the 
covered  platform  is  to  permit  occasional  storage  of  car  contents 
temporarily  in  readiness  for  final  reloading.  At  the  end  of  the 
covered  platform  should  be  built  sufficient  warehousing  to  hold 
freight  without  bills,  "over"  freight,  freight  not  completely  loaded 
at  the  close  of  work  at  night,  gang-planks,  trucks,  and  for  the 
conveniences  for  the  truckmen,  check  clerks  and  bill  clerks.  A 
transfer  crane  is  needed  for  lifting  heavy  loads  for  re-adjustment 
or  transfer. 
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THE   ICING   PIAXT. 

During  all  the  year  in  tropical  or  semi-tropical  climates,  and 
during  the  bulk  of  the  year  in  cooler  climates,  perishable  freight 
in  transit  needs  re-icing. "  In  some  cases  this  freight  moves  in  solid 
train  lots,  but  usually  it  comes  mixed  in  with  other  cars,  or  with 
other  freight  at  the  rear  of  the  train  to  fill  out  the  train  loading. 
For  solid  trains  the  road  crew  should  be  able  to  take  the  train  di- 
rect to  the  icing  plant  without  stopping  in  or  running  through  the 
receiving  yard.  For  partial  train  lots,  the  movement  must  be  over 
the  hump  of  the  separating  yard,  this  being  the  quickest  way  of 
separating  the  cars ;  for  partial  train  lots,  with  the  perishable 
freight  bunched  behind  the  engine,  direct  and  quick  access  from 
the  outlet  end  of  the  receiving  yard  to  the  icing  plant  is  es- 
sential, and  in  turn  convenient  outlet  from  the  icing  plant  to  the 
forwarding  yard  is  needed.  The  icing  plant  itself  must  be  equipped 
with  a  convenient  machinery  room  for  preparing  the  ice  and  with 
overhead  runway  platforms  alongside  the  icing  tracks  to  permit 
rapid  work. 

It  is  not  wise  to  attempt  the  icing  of  more  than  twenty-five  cars 
at  a  time  on  each  track,  owing  to  the  melting  of  ice  in  long  hauls  in 
trucks.  Accordingly,  the  ideal  arrangement  is  for  platforms  one 
thousand  feet  long,  with  an  equal  length  of  icing  track  beyond 
each  end,  so  a  lot  of  twenty-five  cars,  iced  can  be  moved  on  ahead, 
and  a  second  lot  be  quickly  brought  up  to  the  platforms  from  the 
rear. 

The  dimensions  of  the  house  itself  are  controlled  by  the  numbers 
of  tons  storage  capacity  required.  If  icing  tracks  and  platforms 
are  needed  on  one  side  only,  and  the  other  side  for  filling  the  house 
in  the  winter,  or  loading  cars  for  shipment  to  other  points,  a  width 
of  about  60  feet  is  advisable.  If  the  house  is  to  have  icing  tracks 
on  each  side,  it  should  be  of  greater  width,  to  secure  proportionate 
storage  capacity.  Whatever  the  width  may  be,  the  house  should  be 
built  in  units  or  pockets  that  can  be  added  to  as  greater  capacity  is 
required;  the  central  unit  of  the  house  should  be  the  machinery 
room  where  all  the  ice  breaking  is  done,  and,  to  and  from  which 
all  movement  to  the  outside  are  made.  Such  an  arrangement  for 
working  minimizes  the  melting  of  ice,  and  expedites  the  icing  of 
the  cars. 

THE   LIGHTIXG   OF   A   YARD   FOR    NIGHT   OPERATION. 

Yard  work  is  dangerous,  difficult  and  slow,  during  the  hours  of 
darkness  and  during  fog.  Electric  lights  are  frequently  used  for 
yard  illumination,  and  the  switchmen  supplement  these  by  leav- 
ing a  lantern  on  the  ground  opposite  the  end  of  the  last  car  on  each 
track.  The  electric  lights,  as  ordinarily  used,  are  not  effective,  and 
the  cars  are  handled  slowly  as  a  result.  The  defect  of  these  lights 
is  due  to  their  dimness,  the  lack  of  sufficient  number,  and  their  in- 
eflFective  placing. 

To  overcome  this  trouble  on  the  humps  and  ladders,  Air.  M.  E. 
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Shire,  Engineer  in  Charge,  of  the  "Clearing  Yards,"  Chicago,  has 
developed  a  device  like  the  reflector  of  a  locomotive  headlight ; 
each  light  is  equipped  with  one  of  these,  and  it  is  placed  so  the 
rays  of  light  are  directed  toward  the  important  channels  of  the 
work.  The  classification  yards  are  most  in  need  of  such  a  lighting 
arrangement,  and  as  there  are  no  reverse  movements  in  this  yard, 
not  even  the  slight  disadvantage  of  lines  of  clear  light  shining  at 
times  in  the  faces  of  the  switchmen  is  experienced.    While  all  por- 


'ln 


PLATE  5- FRONT  VIEW  OF  ALTERNATING  CURRENT  ENCLOSED  ARC  LAMP 
WITH  REFLECTOR  FOR  DIRECTING  RAYSOF  LIGHT  FORWARD  AND  DOWNWARD 


tions  of  the  yard  system  should  work  smoothly  and  without  delay, 
the  work  is  concentrated  at  the  entrances  and  on  the  ladder  leads 
of  the  classification  yard  as  all  cars  must  enter  the  yard  over  a 
single  throat  track  and  go  to  their  respective  destinations  by  way 
of  one  of  the  ladder  leads.  Furthermore,  the  momentum  required 
to  start  the  cars  and  carry  them  well  into  the  classification  yard 
must  be  imparted  by  the  grade  of  the  throat  track  and  ladder  leads. 
Consequently,  the  maximum  speed  of  the  car  occurs  in  its  move- 
ment over  the  ladders,  and  if  this  speed  is  checked  by  the  brakes 
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by  the  rider,  because  he  cannot  see  the  car  ahead  of  him  clearly 
enough  to  judge  of  its  relative  position  and  speed,  the  capacity  of 
the  entire  yard  is  thereby  affected.  There  are  no  yards  as  far  as 
observed  where  this  lack  of  sufficient  light  does  not  lessen  the  oper- 
ating capacity  during  the  hours  of  darkness. 

For  lighting  the  ladder  leads  of  the  classification  yard,  one  or 
m6re  of  these  lights  with  reflectors  is  placed  at  proper  intervals 
from  the  hump  to  the  ladder  end,  on  poles  or  on  steel  bridging 


PL^  TE5.~  REAR  VIEW  OF  DIRECT  CURRENT  L  UMIN0U5  AND 
ALTERNATING  CURRENT  ARC  LAMPS  WITH  REFLECTORS  FOR 
DIRECTING  RAYS  OF  LIGHT  FORWARD  AND  DOIVNWARD. 


similar  to  the  bridging  frequently  used  for  signals ;  the  height 
must  be.  sufficient  to  avoid  casting  serious  shadows  from  one  car 
to  another,  and  the  reflectors  properly  trained  to  throw  the  rays  of 
light  where  needed.  In  the  body  of  the  classification  yard  these 
lights  are  needed  in  greater  quantity,  and  arranged  to  sweep  the 
yard  at  different  angles ;  on  the  outlet  ladders,  and  in  the  other 
yards  of  the  system,  this  type  of  reflector  is  undesirable  as  the 
switching  is  equally  backward  and  forward  in  direction,  and  move- 
ment toward  the  lights  would  be  blinded  by  its  rays.     Accordingly, 
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the   effective  arrangement   in   tliese    places   is   a   general   diffused 
light  reflected  downward  only. 

For  the  Dupo  yard  of  the  Gould  System  there  has  been  developed 
under  the  writer's  direction,  a  similar  system  of  conserving  and 
reflecting  the  rays  of  light  to  the  points  where  they  are  needed. 
Based  upon  this  idea,  a  similar  type  of  reflector  was  developed 
by  the  General  Electric  Company,  in  place  of  the  locomotive  head- 
light type,  and  the  reflecting  surface  instead  of  being  of  silver 
plate  or  nickel  plate,  was  of  porcelain  enamel  on  thin  sheet  steel. 
For  the  ladder  leads  and  the  portions  of  the  classifying  yards 
where  the  light  rays  are  directed  forward  in  one  way  only,  there 
was  developed  the  type  of  reflector  shown  in  plate  5,  and  for  the 
parts  of  the  yard  where  only  a  generally  dift'used  illumination  was 
needed,  the  skirt  was  omitted  from  this  pattern.  The  lights  were 
carried  on  systems  of  general  current  bearing  lines  of  not  greater 
than  440  volts,  so  arranged  that  the  breakage  of  a  single  line  would 
plunge  only  one  part  of  a  yard  in  darkness.  This  scheme  makes 
its  first  cost,  maintenance  and  repair  economical  and  minimizes  both 
the  danger  to  employees,  and  the  amount  of  interruption  to  work 
due  to  breakage  of  wire  lines.  The  details  of  the  lighting  arrange- 
ment constitute  in  themselves  material  sufficient  for  a  separate  re- 
port, and  need  not  be  further  elaborated  here.  The  writer  has  not 
seen  any  adequate  lighting  arrangement  in  use  in  any  yard  so  far 
examined,  and  regards  this  detail  as  one  of  distinct  importance. 

don'ts. 

A  discreet  engineer  tries  to  perfect  his  methods  of  design  and 
construction,  by  noting  other  men's  work,  profiting  by  the  lessons 
to  be  learned  both  from  successful  portions,  and  from  the  unsuc- 
cessful portions.  For  this  reason,  it  may  be  well  to  insert  cautionary 
words  here  to  show  what  points  in  yards  now  operated,  have 
proven  clearly  undesirable,  as  an  emphasis  for  the  suggestions  as 
to  good  practice  so  far  given. 

Do  not  attempt  to  design  any  yard  until  thorough  study  has 
been  made  of  the  business  to  be  handled  by  that  yard ;  then  make 
the  best  guess  possible  at  the  amount  and  character  of  business 
that  can  be  anticipated  for  the  future.  Work  out  a  plan  for  hand- 
ling this  future  business ;  for  the  present  arrangement,  plan  to 
build  the  proper  proportion  of  the  final  plan,  so  far  as  possible 
on  the  lines  of  the  final  scheme.  Do  not  limit  the  land  purchases 
so  as  to  interfere  with  a  good  working  arrangement.  Do  not  at- 
tempt to  adopt  types  and  methods  of  design  for  comparatively 
small  amounts  of  business,  that  are  successful  only  with  heavy 
business.  For  instance,  there  is  no  justification  for  building  a 
hump  yard  to  handle  the  general  merchandise,  lumber,  grain  and 
coal  traffic  of  the  ordinary  division  station,  or  ordinary  terminal 
station.  The  hump  yards  that  have  been  built  at  a  number  of 
points   for  comparatively   small   business,   are   so   far  as   observed, 
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costly  and  unsatisfactorily  in  operation  and  the  best  operating  men 
agree  that  the  hump  yard  type  is  as  inadvisable  for  moderate  busi- 
ness as  it  is  essential  for  heavy  business. 

.  Do  not  neglect  the  proper  lighting  of  a  yard  for  night  work 
until  the  yard  is  under  construction  or  later.  The  best  location 
for  the  necessary  light  carrying  poles  should  be  provided  by  spread- 
ing the  tracks  to  admit  them  without  peril  to  trainmen  at  work. 
Note  carefully  the  methods  of  conserving  and  directing  the  rays 
of  light  outlined  earlier  in  this  article,  and  adapt  them  to  each  por- 
tion of  the  proposed  yard  to  suit  the  respective  switching  move- 
ment. 

Do  not  permit  curvature  in  excess  of  eight  degrees  per  station 
in  any  important  parts  of  the  yard ;  do  not  introduce  any  avoid- 
able curvature  even  within  this  limit ;  do  not  fail  to  compensate 
for  curvature  in  hump  and  gravity  yards,  in  the  portion  where 
gravity  is  used  as  motive  power. 

Do  not  fail  to  arrange  for  surface  drainage. 

Do  not  fail  to  provide  sufficient  spacing  of  tracks  for  conveni- 
ence in  giving  and  seeing  signals,  and  throwing  switches,  and  the 
other  work  of  the  yard. 

Do  not  fail  to  provide  sufificient  drilling  tracks  so  that  switch  en- 
gines can  work  freely  without  friction  or  interference  with  each 
other,  or  with  incoming  or  outgoing  trains. 

Do  not,  even  in  the  smallest  yard,  attempt  to  have  the  car  repairs 
made,  or  cabooses  or  wrecking  outfit  stored,  on  tracks  in  the  body 
of  the  yard,- — put  them  on  tracks  of  their  own  outside. 

Do  not  lightly  decide  where  the  scale  shall  be  placed.  Give  this 
item  the  most  careful  thought. 

Do  not  make  the  classification  tracks  too  long,  as  delay  and 
extra  expense  in  switching  is  thereby  occasioned. 

Do  not  couple  too  many  body  tracks  to  a  single  ladder. 

Do  not  forget  that  a  yard  should  be  as  elastic  as  possible  for  pres- 
ent use,  and  so  design  that  future  enlargement  will  be  on  a  har- 
monious scheme. 

IN    CONCLUSION. 

There  is  submitted  as  plate  i,  outline  drawing  of  the  terminal 
yard  designed  by  the  writer,  for  the  East  St.  Louis  territory  of 
the  Missouri  Pacific  Railway,  the  St.  Louis,  Iron  Mountain  & 
Southern  Railway,  the  Cotton  Belt  Railway,  and  for  the  incidental 
use  of  the  Wabash  Railroad.  This  yard  is  now  under  construction, 
practically  all  the  grading  being  complete,  and  a  considerable  por- 
tion of  the  track  laid.  Portions  of  the  yard  have  been  in  use  since 
about  October  ist,  1905.  About  one-half  the  trackage  called  for 
on  this  plan  is  to  be  built  as  the  first  installment  of  the  terminal, 
the  balance  being  provision  for  the  future. 

This  plan  is  submitted  as  the  writer's  idea  of  the  application  of 
the  principles  of  yard  design,  for  the  conditions  prevailing  in  the 
East  St.  Louis  territory. 
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It  is  a  matter  of  regret  that  the  plan  submitted  for  the  Buffalo 
terminals  of  the  New  York  Central  Lines  cannot  be  shown. 

This  plan  has  been  approved  by  the  operating  officers  of  each 
Company,  but  as  it  is  still  under  consideration  by  the  executive 
officers,  it  is  improper  to  publish  it  just  now. 

It  seems  unwise  to  develop  a  so-called  typical  yard  plan  for 
insertion  herein  because  no  two  yards  are  alike.  The  lay  of  the 
ground,  the  character  and  amount  of  the  traffic,  the  relative  posi- 
tion of  connecting  lines,  the  ruling  grades  of  the  avenues  for  for- 
ward movement,  all  affect  the  design  that  can  properly  be  used, 
and  a  design  worked  out  in  the  best  good  faith  for  one  situation,  or 
for  an  assumed  situation  might  be  not  only  uninstructive  but  mis- 
leading if  applied  to  other  points. 

The  general  matter  of  railway  terminals  is  one  of  importance. 
The  expense  of  handling  traffic  through  illy  arranged  yards  is  not 
only  heavy  in  the  direct  cost  for  labor  and  for  damages  to  con- 
tents of  cars  in  reswitching,  but  indirectly  in  the  lessened  income 
from  the  cars  themselves,  and  from  the  loss  of  traffic  that  results 
from  delay  and  embargo.  The  writer  has  knowledge  of  one  case 
where  under  as  favorable  operating  methods  as  the  situation  per- 
mitted and  during  a  time  when  business  was  moderate  a  forward 
movement  of  about  two  and  one-half  miles  was  made  in  46  hours 
on  an  average  during  the  period  investigated,  and  many  cars  were 
lost  track  of  in  the  confusion  of  movements  that  was  unavoidable. 
This  is  not  believed  to  be  an  extreme  case.  The  cost  of  a  track- 
age scheme'  in  this  particular  instance  that  would  have  been  adapted 
to  the  work  of  switching  would  not  have  been  excessive  and  the  net 
saving  would  have  been  very  great.  It  not  infrequently  occurs 
that  the  major  portion  of  a  yard  is  well  arranged,  but  the  switch- 
ing is  interfered  with  by  improperly  placed  switches  or  a  bad  lad- 
der scheme  or  drilling  tracks  that  are  difficult  to  use;  under  such 
conditions  a  small  investment  in  rearrangement  may  make  the 
yard  serviceable  and  economical  in  use. 

In  the  improvement  of  such  existing  yards,  or  the  design  of  new 
yards,  there  is  one  suggestion  the  writer  respectfully  makes  to  those 
who  may  undertake  such  work;  that  is,  study  thoroughly  the  work 
that  must  be  done  to  arrange  traffic  for  forward  movement,  and 
then  arrange  tracks  so  this  work  can  be  done  in  the  simplest,  eas- 
iest way  by  direct  movements,  free  from  friction.  Any  track 
scheme  that  will  not  stand  thorough  analysis  on  this  basis  may 
well  be  regarded  as  suspicious ;  any  scheme  that  invites  derailment, 
or  that  necessitates  large  forces  of  men  when  business  is  small,  or 
that  makes  reswitching  continually  necessary,  or  that  calls  for  elab- 
orate construction  where  simple  construction  is  sufficient,  or  that 
fails  to  provide  for  the  auxiliary  work,  of  a  yard,  should  be  avoid- 
ed. 

To  learn  from  the  good  features  and  the  less  desirable  features 
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of  existing  yards,  those  lessons  needed  in  the  design  of  a  new  ter- 
minal, requires  thorough  investigation  on  the  ground;  not  an  in- 
vestigation of  a  few  hours  or  a  day  during  favorable  weather,  but 
days  and  nights  of  watching  the  work,  during  good  weather  and 
bad.  Time  is  often  hard  to  spare,  but  there  are  few  lines  of  work 
where  thoroughness  is  more  essential  than  in  terminal  design. 


IN  MEMORIAM. 

A.  W.  FlERO,   M.  W.   S.  E. 

July  28,    ipo6. 

Albert  Winfield  Fiero  was  born  in  Battle  Creek,  Alichigan,  on 
January  29,  1849.  ^^^  birthplace  was  on  a  farm  lying  in  the 
suburbs  of  that  town,  on  which  his  boyhood  was  passed,  while  he 
attended  the  schools  of  the  locality  until  he  was  eighteen  years  old, 
when  he  obtained  employment  under  local  surveyors  for  a  couple 


of  years.  In  July,  1869,  he  was  given  an  appointment  on  the  civil 
engineering  corps  of  the  Peninsular,  afterwards.  Southern  Mich- 
igan Railway  Company,  then  making  preliminary  surveys  through 
Michigan.  He  remained  with  that  company  until  July,  1873,  when 
he  was  appointed  an  assistant  engineer  with  the  Chicago  &  Illinois 
River  R.  R.  Co.,  under  Chief  Engineer  J.  O.  Hudnutt. 

Upon  leaving  the  service  of  the  Peninsular  Ry.  Co..  its  President, 
S.  D.  Dibble,  gave  him  a  letter  in  which  he  stated,  "You  gave  good 
satisfaction  as  to  ability  and  strict  devotion  to  your  duty." 

1-in 
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Again,  when  he  left  the  service  of  the  Chicago  &  IlHnois  River 
Company,  Chief  Engineer  Hudnutt,  under  date  of  May  28,  1875, 
wrote,  "It  gives  me  great  pleasure  to  bear  withness  to  his  many 

sterling  qualities 1  can  most  cheerfully  endorse  and  commend 

his  diligence,  fidelity  and  honor." 

He  afterwards  entered  the  serviceof  the  Chicago  &  Alton  Rail- 
road Company,  as  assistant  engineer,  while  N.  F.  Booth  was  its 
chief  engineer,  and  that  gentleman  wrote  in  1876,  "I  regard  him  a 
very   competent  and  worthy  young  man." 

These  testimonials  record  that  Mr.  Fiero,  from  the  very  outset 
of  his  career,  manifested  those  high  qualities  which  later  helped 
him  to  success,  and  which  won  and  retained  for  him  the  confi- 
dence and  esteem  of  a  very  wide  acquaintance. 

The  production  of  Bessemer  steel  rails  in  the  west,  and  their  use 
by  railways  of  that  section,  attracted  his  attention,  and  he  en- 
tered the  employ  of  the  Vulcan  Steel  Company  in  their  Bessemer 
rail  plant  at  St.  Louis.  Mo.,  so  as  to  familiarize  himself  with  the 
details  of  steel  rail  manufacture,  and  later  was  appointed  the  rail 
inspector  for  the  Chicago  &  Alton  Railroad  by  his  former  Chief, 
Mr.  Booth,  in  which  position  he  remained  for  a  number  of  years. 
Subsequently  he  arranged  to  represent  other  railway  companies 
in  the  same  capacity,  making  his  home  and  headquarters  in  Jol- 
iet,  111. 

In  that  city  on  May  5,  1881,  he  married  Miss  Florence  E.  Car- 
penter, who,  with  a  son,  Albert  Conro,  and  a  daughter,  Emelie 
Louise  Fiero,  survive  him. 

In  1889,  Mr.  Fiero  became  a  member  of  the  firm  of  Robt.  W. 
Hunt  &  Co.,  which  connection  continued  until  his  death,  on  July  28, 
1906,  after  a  short  illness. 

Mr.  Fiero  was  active  in  Masonry,  and  had  attained  the  thirty- 
second  degree.  He  was  a  member  of  the  Protestant  Episcopalian 
church,  and  for  many  rears  was  on  the  vestrv  of  Christ  Church, 
Joliet,  111. 

He  was  a  member  of  the  American  Institute  of  Mining  Engi- 
neers, American  Railway  Engineering  &  Maintenance  of  Way 
Association,  The  American  Society  of  Testing  Materials,  and  the 
Western  Society  of  Engineers.  He  took  great  interest  in  the  work 
of  the  latter  organization,  and  was  one  of  its  earlier  members,  hav- 
ing joined  in  June  1886. 

He  was  a  member  of  the  Union  League,  Midlothian  Country 
Club.  Engineers  Club,  Chicago,  and  of  the  Engineers  Club.  New 
York. 

Few  men  had  a  more  extensive  acquaintance,  which  was  not 
only  among  the  railway  engineering  profession,  but  also  embraced 
active  business  men  in  many  interests,  and  in  all  parts  of  America, 
by  whom  he  was  universally  respected. 

Robert   W.    Hunt. 
(Signed)     Robert  Forsyth. 

C.    W.    HOTCHKISS. 


The  Economic  Value  of  Experiment  Station  Work. 

The  Engineering  Experiment  Station,  of  the  University  of  lUi- 
nois,  has  recently  issued,  bound  together  in  book  form,  the  first 
eight  bulletins  and  the  first  two  circulars  published  by  the  Experi- 
ment Station.  The  first  of  these  bulletins  was  published  in  Septem- 
ber, 1904,  and  the  other  publications  followed  at  intervals  during  the 
succeeding  two  years.  The  book,  which  has  just  been  issued,  com- 
bines these  publications  in  a  form  convenient  for  preservation. 

The  subjects  considered  in  the  publications,  contained  in  this 
book,  include : 

Tests  of  Reinforced  Concrete  Beams. 

Investigation  of  High  Speed  Tool  Steel. 

Drainage  of  Earth  Roads. 

Resistance  of  Tubes  to  Collapse. 

Holding  Power  of  Railroad  Spikes. 

Fuel  Tests  with  Illinois  Coal. 
In  all  of  these  live  subjects,  a  great  amount  of  original  and  valu- 
able investigation  has  been  made  by  competent  investigators,  and 
the  results  obtained,  particularly  in  the  investigation  of  the  proper- 
ties of  "Reinforced  Concrete  Beams"  and  the  "Fuel  Tests  with  Illi- 
nois Coal,"  are  considered,  at  the  present  time,  the  standard  publica- 
tions on  these  subjects. 

Experiment  Stations  designed  to  give  results  of  immediate  prac- 
tical value  to  agriculture  have  been  maintained  for  many  years 
by  state  and  federal  aid,  and  it  may  be  conservatively  said  that 
the  financial  benefit  resulting  from  the  work  of  these  experiment 
stations  repays  annually  ten-fold  all  moneys  expended  on  them 
by  state  and  nation  from  the  beginning. 

As  the  possibilities  of  new  principles  in  engineering  and  im- 
proved methods  of  manufacture  are  unlimited,  and  as  the  value  of 
the  output  of  manufactured  goods  greatly  exceeds  the  value  of  the 
products  of  the  farms  of  the  country,  it  is  a  matter  of  surprise  that 
engineers  and  manufacturers  who  pride  themselves  upon  their  en- 
terprise and  scientific  insight  should  allow  the  farmers  to  outstrip 
them  in  initiative  and  appreciation  of  experiment  station  work. 

The  idea  of  an  Eii§!;iiiecring  Experiment  Station  is,  we  believe, 
original  with  the  Lhiiversity  of  Illinois,  and  the  results  so  far  at- 
tained, as  well  as  the  subjects  now  under  investigation,  are  demon- 
strating that  the  possible  advantages  to  be  derived  from  an  Engi- 
neering Experiment  Station  are  equal  to  the  benefits  obtained  from 
an  experiment  station  of  any  other  kind,  and  it  is  to  be  hoped'  that 
the  sucess  of  this  venture,  at  the  University  of  Illinois,  will  lead 
to  the  establishment  of  Engineering  Experiment  Stations  in  many 
other  Technical  Institutions,  and  that  their  value  will  be  so  recog- 
nized by  State  and  Federal  Government  that  their  endowment  and 
support  will  be  as  liberal  as  is  that  now  given  to  the  Agricultural 
Experiment  Stations. 

W.  L    ABBOTT,  President  W.  S.  E. 
14.') 


PROCEEDINGS  OF  THE  SOCIETY. 

Minutes  of  the  Annual  Meetings. 

The  37th  Annual  Meeting  (No.  593)  of  the  Western  Society  of  Engineers, 
with  the  Annual  Dinner,  was  held  on  the  evening  of  January  8,  1907,  in  the 
rooms  of  the  Mid-Day  Club  in  the  First  National  Bank  Building. 

A  short  session  of  the  Board  of  Direction  received  the  report  of  the 
Judges  of  Election,  which  showed  who  were  elected  officers  for  the  year 
1907.  A  short  meeting  of  the  Society  was  held,  when  the  announcement  was 
made  from  the  Board  of  Direction  of  the  result  of  the  election,  as  follows : 

W.  L.  Abbott,   President  of  the  Society  for  1907. 

Andrews  Allen,  First  "Vice  President  of  the  Society  for  1907. 

E.  N.  Layfield,  Second  Vice  President  of  the  Society  for  1907. 

A.  N.  Talbot,  Third  Vice  President  of  the  Society  for  1907. 

A.  Reichmann,  Treasurer  of  the  Society  for  1907. 

W.  C.  Armstrong,  Trustee  of  the  Society  for  1907-8-9. 

Thej-  then  adjourned  to  the  dining  room.  After  the  dinner  was  finished, 
the  retiring  President.  ]\Ir.  Arnold,  made  a  brief  address,  stating  the  progress 
and  work  of  the  Society  for  the  past  year  of  1906.  He  then  introduced 
President-elect  Abbott,  and  turned  the  Society  over  to  his  care  for  the  year 
1907.  Mr.  Abbott  responded  in  a  brief  but  pleasant  and  interesting  manner, 
and  then  introduced  Air.  Willard  A.  Smith  as  Toastmaster  of  the  evening. 
Toastmaster  Smith,  after  some  interesting  remarks  along  the  lines  of  the 
general  subject  of  engineering  and  its  relation  to  other  interests  and  profes- 
sions, introduced  Mr.  Julius  Stern,  a  lawyer  and  associate  member  of  the 
Society,  who  made  some  thoughtful  and  also  humorous  allusions  to  the 
"Parallels"  between  the  engineering  and  the  legal  professions.  Before  clos- 
ing he  became  more  serious  and  made  a  sober,  earnest  plea  on  behalf  of  a 
proper  feeling  on  the  part  of  engineers  toward  their  obligations  to  the  city 
and  community  in  which  they  live. 

Air.  Finley  was  afterward  called  upon,  with  a  suitable  introduction  by  the 
Toastmaster,  who  mentioned  some  of  his  earlier  experiences  in  the  engineer- 
ing profession. 

Mr.  Arnold  then  proceeded  to  give  a  comprehensive  statement  as  to  the 
present  condition  of  the  electrification  of  railway  transportation  as  exemplified 
in  New  York  and  elsewhere.  His  remarks  were  illustrated  by  many  lantern 
slides,  and  were   appreciated  b}'  the  audience. 

Something  over  100  members  and  guests  were  present;  the  meeting  ad- 
journed about  II  p.  m. 

Minutes  of  the  Extra   Meeting,  January  23,    1907. 

An  extra  meeting  of  the  Society  (No.  595)  was  held  in  the  Society  rooms, 
Wednesday  evening,  January  23rd,   1907. 

The  meeting  was  called  to  order  about  8:15  p.  m.,  with  President  Abbott 
in  the  Chair,  and  about  80  members  and  guests   present. 

There  was  no  business  to  bring  before  the  Society,  so  Mr.  H.  M.  North, 
Asst.  Engr.  of  Construction,  L.  S.  &  M.  S.  Ry.,  Cleveland,  Ohio,  was  intro- 
duced as  the  speaker  for  the  evening.  His  paper,  "The  Theory  of  the  De- 
sign of  Railway  freight  Terminals,"  which  had  been  printed  and  sent  out  in 
advance,  was  not  read  by  the  author,  but  by  the  aid  of  two  large  blue-prints 
of  the  Freight  Terminals  at  Dupo,  111.,  near  St.  Louis,  and  at  Gardenville, 
near  Bulfalo,  N.  V.,  Mr.  North  showed  clearly  the  requirements  in  the  design 
of  a  Freight  Tertninal     The  talk  was  substantially  the  printed  paper,  except 
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that  It  was  presented  in  a  more  informal  manner,  witli  constant  explanatory 
reference  to  the  plans  exhibited. 

Some  little  discussion  following  the  paper,  and  on  motion,  a  vote  of  thanks 
was  tendered  Mr.  North,  for  his  very  interesting  presentation  of  the  subject. 
The  meeting  adjourned  about  io:io  p.  m. 

Minutes  of  the  Regul.\r  Meeting,   February  6th,   1907. 

A  regular  meeting  of  the  Society  (No.  596)  was  held  in  the  Society 
rooms,  Wednesday,  February  6th,  T907. 

The  meeting  was  called  to  order  about  8:10  p.  m.,  with  President  Abbott 
in  the  Chair,  and  about  30  members  and  guests  present.  The  minutes  of  the 
preceding  meeting  were  read  and  approved. 

The  Secretary  reported  from  the  Board  of  Direction,  that  at  their  meeting 
of  January  5th  the  following  were  elected  into  membership  : 

Grade. 

Lee  Jutton,  Chicago Active 

Albert   F.   Wright.   Chicago Active 

Paul   A.   Degener,    Chicago , Active 

George   L.    Sawj-er,   Lewiston,   Idaho Active 

Harold   H.    Clark,    Chicago . . . .' Active 

Bert  A.  Ga3^man,   Chicago Active 

John  H.  D.   Petersen,  Chicago Active 

Axel    G.   Johnson   Rapp,   Chicago Active 

James   Hyslop,   Harvey,   111 Active 

Edward  N.  Lake,  Chicago ...  Active 

Albert  H.  Aldinger.  Chicago Transfer  from  Junior  to  Active 

Charles    C.    Hotchkiss,    Chicago Junior 

William  J.  Miskella,  Chicago Junior 

Edwin    H.    Smythe,    Chicago Active 

H.    B.    Otis,   Chicago Active 

V.   Y.   Davoud,   Chicago Junior 

Walter  F.  Reichardt,  Little  Rock,  Ark Transfer  from  Junior  to  Active 

J.    L.    Hecht,    Chicago Active 

H.  R.  Armeling,  Minneapolis,  Minn j Junior 

M.  L.  Enger,  Minneapolis,  Minn Junior 

Harvey    B.    Fleming,    Chicago Active 

Also,  that  at  the  meeting  of  February  5th  the  following  were  elected  into 
membership : 

Grade. 

Francis  W.  Lawrence,  Madison,   Wis Associate 

William  H.  Garden.  Oglesby,  111 Junior 

M.  B.   Stewart,  Chihuahua,   Mexico Transfer  from  Junior  to  Active 

F.   E.    Lamphere,    Chicago Junior 

W.  Van  R.  Whitall,  Chicago Associate 

Andrew   W.   Woodman,   Chicago Active 

Hugo  Schmidt,  Chicago Transfer  from  Junior  to  Active 

Vene  D.  Fry,  South  Pittsburg,  Tenn Junior 

John  L.  Hall,  New  York  City Transfer  from  Associate  to  Active 

Henry    Kreisinger,   St.   Louis,    Mo Active 

Louis    E.'  Williams,    Chicago Active 

William  B.  Storey,  Jr.,   Chicago Active 

Also,   that   applications    for  membership   had   been   received    from: 

Edwin   H!  Cheney,   Chicago. 
A.  D.  Page,  Chicago. 
T.  R.  Minert,  Chicago. 
Frank  N.  Savage.  Chicago. 
Jas.  Guy  Huff.  Nashville.  Tenn. 
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A  resolution  was  introduced,  requesting  the  President  to  appoint  com- 
mittees for  the  preparation  of  memorials  for  publication  in  the  Journal, 
W.  S.  E..  of  our  late  members,  Mr.  O.  B.  Green,  who  died  December  30th, 
1906,  and  Mr.  A.  R.  Eldridge,  Who  died  January  17th,  1907.  The  President 
appointed  for  these  Committees,  Messrs.  I  sham  Randolph,  Fred  Davis  and 
G.  A.  M.  Liljencrantz.  for  the  memorial  of  Mr.  Green;  and  Messrs.  J.  E. 
Roemheld,  L.  J.  Hotchkiss,  H.  N.  Elmer  and  E.  N.-  Layfield,  for  the  me- 
morial of  Mr.  Eldridge. 

There  being  no  other  business  to  bring  before  the  Society,  President  Ab- 
bott, after  speaking  of  the  wealth  to  the  State  of  her  natural  resources, 
which  are  now  being  investigated  and  reported  on  by  the  State  Geological 
Surs^ey,  introduced  the  speaker  of  the  evening.  Dr.  H.  F.  Bain,  Director 
of  the   Survey. 

Dr.  Bain  did  not  read  his  paper,  which  had  been  printed  and  sent  out  in 
advance,  but  gave  the  substance  of  it,  "The  Work  of  the  State  Geological 
Survey,"  in  an  informal  address,  which  was  illustrated  by  some  large  maps, 
hung  up  for  the  purpose. 

Discussion  followed  from  Messrs.  W.  L.  Abbott.  U.  S.  Grant,  W.  W. 
Atwood,  George  S.  Rice,  A.  Bement  and  H.  F.  Bain. 

A  resolution  was  introduced  by  Mr  Layfield,  that  the  Secretary  prepare  and 
forward  a  suitable  memorial  or  petition  to  the  State  Legislature,  now  in 
session,  that  it  make  a  liberal  appropriation  to  continue  and  enlarge  the  work 
of  the  State  Geological  Survey.  This  resolution  was  carried,  and  as  the 
Secretary  asked  that  a  committee  be  appointed  to  assist  in  the  preparation  of 
such  a  memorial,  the  President  appointed  Messrs.  L.  E.  Cooley,  Robert  W. 
Hunt  and  A.  Bement  as  such  committee. 

The  meeting  adjourned  about  9:50  p.  m. 

Minutes  of  E.\tr.\  Meeting,  February  20th,  1907. 

An  extra  meeting  of  the  Society  (No.  598)  was  held  in  the  Society  Rooms 
Wednesday  evening,  January  20th,   1907. 

The  meeting  was  called  to  order  about  8:20  p.  m.,  with  President  Abbott 
in  the  Chair  and  about  30  members  and  guests  present.  As  there  was  no 
business  to  bring  before  the  Society,  the  Chairman  introduced  Mr.  R.  S. 
Kellogg,  Forest  Inspector  of  the  U.  S.  Poorest  Service,  Washington,  D.  C, 
who  presented  his  p.iper  with  some  running  comments  on  "Some  Problems 
of  Wood  Utilisation  in  the  United  States."  This  paper  had  been  printed  and 
sent  out  in  advance.  Two  large  charts  were  hung  up,  which  served  to  fur- 
ther elucidate  the  subject.  Discussion  followed  from  Messrs.  W.  L.  Abbott, 
Lawry,  Morse  and  J.  PL  Warder. 

After  a  motion  to  return  a  vote  of  thanks  to  Mr.  Kellogg  for  his  interest- 
ing and  valuable  address,   the  meeting  adjourned  about  9:50  p.   m. 


ELECTRICAL   SECTION. 
Minutes  of  Meeting,  January  nth,   1907. 

The  annual  (and  21st)  meeting  of  the  Electrical  Section  (No.  594  of 
the   Society)    was  held   the  evening  of   Friday,  January    nth,    1907. 

The  meeting  was  called  to  order  about  8:15  p.  m.,  with  Vice-Chairman 
P.  Junkersfeld  in  the  Chair,  and  about  60  members  and  guests   present. 

The  Secretary  explained  that  this  was  the  date  for  the  election  of  new 
members  of  the  Executive  Committee  and  who  had  been  put  in  nomination 
at  the  preceding  meeting.  The  ballots  were  then  taken  up  and  canvassed  by 
Messrs.  Schuchardt,  Price  and  Warder;  and  the  results  announced  as  follows: 

For  Chairman  of  the  Electrical  Section  for  1907,  Mr.  C.  A.  S.  Howlett. 

For  Vice-Chairman  of  the  Electrical  Section  for  1907,  Mr.  D.  W.  Roper. 
,,•„  '^<^"i'^er  of  Executive  Committee  (to  serve  three  years),  Mr  K.  B. 
Miller. 
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Mr.  Hewlett  was  then  introduced  and  assumed  the  chair.  There  being 
no  other  business  to  bring  before  the  Section,  Mr.  Ernest  S.  Smith  was 
introduced,  who  read  his  paper,  with  lantern  slide  illustrations,  on  ''The 
Development  and  Operation  of  a  Large  Electric  Transmission,  and  Conversion 
System."  Discussion  followed  from  Messrs.  D.  W.  Roper,  H.  R.  King,  C.  A. 
S.    Howlett,   E.    F.   Bracken.    P.   Junkersfeld   and  J.   H.    Warder. 

The  meeting  adjourned  about  10:30  p.  m. 

Minutes  of  the  Meeting,  February  15th,  1907. 

The  22nd  meeting  of  the  Electrical  Section  (No.  597  of  the  Society)  was 
held  Friday   evening,   February   15th,   1907. 

The  meeting  was  called  to  order  about  8.35  p.  m.  with  Chairman  C.  A.  S. 
Howlett  presiding,  and  about  30  members  and  guests  present. 

The  minutes  of  the  21st  meeting  of  the  Section,  held  January  nth,  1907, 
were  read  and  approved.  The  Chairman  then  introduced  Mr.  H.  M.  Biebel 
of  the  Western  Electric  Company,  who  read  his  paper  on  Direct  Current 
Compensators  for  Balancing  Electric  Circuits.  This  paper  was  illustrated 
by  a  number  of  lantern  slides  of  explanatory  diagrams,  and  of  the  appear- 
ance and  construction  of  the  machines. 

Discussion  followed  from  Messrs.  Howlett,  Pratt,  Atkins,  Kline,  Roe, 
Roper  and  Hellmund. 

The  meeting  adjourned  about  10:10  p.  m.  J.   H.   Warder, 

Secretary. 

Address   of    Retiring    President,    Bion   J.    Arnold,    .\t   Annual   Meeting 

Jan'y.  8,  1907. 

Gentlemen,  Members  of  the  Western  Society  of  Engineers,  and  Friends. 

I  take  pleasure  in  greeting  you  again  on  the  anniversary  of  my  election 
as  your  President,  and  I  wish  to  thank  the  other  officers,  as  well  as  the 
members  of  the  Society,  for  their  cordial  support  during  the  year. 

It  now  falls  to  me  to  give  a  brief  statement  of  some  matters  pertaining 
to  the  welfare  of  the  Society  for  the  past  year. 

Our  membership  has  increased  in  a  satisfactory  way,  the  net  gain  for 
the  year  IQ06  being  69.  and  the  total  membership  is  now  925.  There  will 
be  some  losses  from  this  number,  but  the  new  applications  in  hand  and  re- 
cently voted  upon  will  probably  balance  such  losses.  We  are  called  upon 
to  lament  the  loss  of  six  active  members  of  the  Society,  the  last  being  the 
venerable  Mr.  O.  B.  Green,  for  so  many  years  associated  with  us,  who 
passed  out  December  30th.  The  first  loss  of  the  year  was  Mr.  H.  IV.  Park- 
hurst,  who  died  April  7th.  He  was  known  to  many  of  us  in  his  position 
as  Past  President  of  the  Society.  The  others  who  have  been  taken  from  us 
are,  Mr.  John  Saltar,  Jr.,  of  Philadelphia,  July  nth;  Mr.  A.  W.  Fiero,  of 
Chicago,  July  28th ;  Mr.  F.  P.  Dohson,  El  Paso,  Texas,  August  2Sth ;  and 
Mr.  A.  V.  Abbott,  of  Nezv  York,  December  ist. 

The  Junior  membership  has  been  increased  by  2,2  this  past  year,  and  now 
has  reached  the  creditable  number  of  126.  It  would  be  well,  however,  as 
has  been  suggested  in  previous  years  by  one  of  our  Past  Presidents,  if  there 
could  be  a  greater  increase  in  the  Associate  list.  There  should  be  in  this 
territory  a  large  number  of  men  available  for  Associate  grade  because  of 
their  interest  in  engineering  matters,  whether  as  contractors  or  material 
men,  and  it  would  be  well  if  some  effort  were  made  to  induce  them  to  come 
into  the  Society. 

The  finances  of  the  Society  have  been  carefully  conserved  by  the  Board 
of  Direction.  All  moneys  have  been  paid  out  on  vouchers  properly  scru- 
tinized and  endorsed,  and  it  is  believed  that  all  expenditures  have  been  judi- 
cious ones.  A  small  surplus  is  gradually  being  accumulated,  which  is  in- 
vested from  time  to  time  in  interest-bearing  securities.  Notwithstanding 
these  facts,  and  feeling  the  great  necessity  for  enlargement  of  our  quarters. 
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and  perhaps  a  more  aggressive  policj'  in  our  management,  the  Board  of  Direc- 
tion has  given  careful  consideration  as  to  how  the  income  might  be  in- 
creased. Meetings  have  been  held  where  the  advice  and  counsel  of  the  Past 
Presidents  of  the  Society  have  been  asked ;  circulars  have  been  sent  out  to  our 
members  stating  the  present  condition  of  affairs,  and  what  was  the  desire 
of  the  Board  of  Direction,  and  the  replies  from  all  quarters  were  used  as  a 
further  element  in  the  consideration  of  the  question.  The  final  result  is 
known  to  most  of  jrou,  viz.,  that  a  Resolution  was  introduced  at  one  of  the 
regular  meetings,  as  prescribed  by  the  By-laws,  to  amend  the  By-laws  in 
the  matter  of  "Fees  and  Dues."  This  increase  obviously  falls  most  heavily 
upon  the  resident  membership,  as  they  receive  the  greater  benefit  from  the 
library  and  meetings  of  the  Society.  This  amendment  was  submitted  to  the 
Active  Members  of  the  Societ\r  for  vote,  by  letter  ballot,  with  a  result  that 
over  77  per  cent,  of  the  votes  sent  in  approved  of  the  increase  of  fees  and 
dues  as  embodied  in  the  Resolution.  It  is  possible  that  some  of  our  members 
may  feel  that  the  increase  is  a  little  hard  on  them,  and  may  ofifer  their 
resignations,  so  the  net  result  to  the  Society  is  a  question  that  time  only 
can  answer.  It  is  estimated  by  the  Finance  Committee  that  this  increase  in 
fees  and  dues  should  add  about  $2,000  to  our  income.  This  amount  will 
be  of  great  assistance  in  paying  the  increased  rent  that  will  be  necessary 
should  we  move  into  larger  or  more  desirable  quarters.  Our  present  accom- 
modations are  lamentably  crowded  and  insufficient  for  our  needs — partic- 
ularly for  the  library  and  reading  room — but  the  meeting  room  is  also  de- 
fective  in   ventilation   and   acoustic   properties. 

The  Publication  Committee  and  the  Secretary  are  to  be  congratulated 
upon  the  meetings  and  papers  presented,  and  also  upon  the  Journal  as  it 
is  published.  Twenty-nine  called  meetings  were  held  last  year,  as  well  as 
an  extra  meeting,  which  was  a  Ladies'  Night,  when  the  Society  and  its 
guests  were  entertained  by  Mr.  Karner  with  a  description  of  Panama,  Past 
and  Present.  At  28  of  these  meetings  technical  papers  were  presented,  most 
of  which  have  been  published  the  past  year  in  our  Journal,  although  there 
are  some  left  over  as  a  supply  for  the  new,  year.  A  list  of  these  meetings, 
and  the  papers  presented,  is  given  in  full  in  the  annual  report  of  the  Sec- 
retary. 

Our  Library  is  attracting  more  and  more  attention  from  our  members 
and  the  public,  who  have  free  access  to  the  books  and  papers  which  it  con- 
tains. The  number  of  books  in  the  Library  at  the  end  of  last  year  is  a  trifle 
over  6,100,  and  the  accessions  for  the  year  1906  were  over  500.  Of  this 
number,  over  300  were  bound  books  coming  to  us  in  exchange  for  our  Journal 
from  sister  societies,  or  were  gifts  from  our  members  or  book  publishers. 
The  book  publishers  are  recognizing  the  value  of  our  Library  and  the  Journal 
by  their  more  liberal  gifts  of  technical  publications,  to  be  reviewed  in  the 
pages  of  our  Journal.  This  necessitates  the  kindly  co-operation  of  the 
members  of  the  Society  in  preparing  these  reviews,  and  it  is  hoped  that  a 
still  greater  interest  may  be  shown  in  this  work.  The  reviewing  of  a  book 
is  of  greater  benefit  to  the  one  who  writes  the  review  than  anyone  else,  and 
there  should  be  no  hesitation  in  accepting  the  call  to  prepare  such  a  review, 
which  accrues  to  the  benefit  of  the  individual  called  upor». 

One  important  matter  has  been  taken  in  hand  by  the  Library  Committee 
this  year,  and  that  is  the  preparation  of  a  list  of  our  books.  It  is  hoped 
that  this  present  year  the  li.st  may  be  put  in  pamphlet  form,  and  thus  made 
available  for  the  use  of  our  members.  This,  and  other  matters  pertaining 
to  the  Library,  will  be  found  in  detail  in  the  Librarian's  report,  to  be  pub- 
lished in   the  Journal. 

It  is  now  my  pleasant  duty  to  announce  the  election  of  Mr.  W.  L.  Abbott 
as  President  of  the  Western  Society  of  Engineers,  who  has  done  excellent 
work  for  the  Society  during  the  past,  and  has  well  earned  the  honor  you  have 
conferred  upon  him. 
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Address  of  the  New  President,  W.  L.  Abbott. 
Mr.   Toastmrister,  and  Members  of  the  Society,  Friends. 

Experience  has  taught  me  that  the  uncertainties  of  the  fortunes  of  elec- 
tions make  it  unadvisable  for  a  candidate  to  presume  upon  his  success  to 
the  extent  of  preparing  an  inaugural  address  before  the  ballots  are  counted,  or 
if,  for  want  of  sufficient  time  between  the  count  and  inauguration,  the  ad- 
dress must  be  prepared  beforeliand,  it  should  not  have  the  appearance  of 
having  had  such  preparation,  and  the  observance  of  the  appearance  clause 
of  this  rule,  I  am  told,  has  been  the  characteristic  feature  of  the  inaugural 
addresses  before  the  societ\-  during  past  years.  It  is  therefore  incumbent 
upon   me  to  maintain  the   precedent. 

Again  there  is  not  a  great  deal  for  the  new  president  to  say  except  to 
tell  what  he  is  going  to  do,  but  as  boasting  is  more  becoming  to  him  that 
putteth  ofif  the  armor  than  to  him  that  girdeth  it  on,  I  am  again  prevented 
from   delivering  such   an   address   as   I   should  like   to. 

But  while  recognizing  my  limitations  and  bowing  to  the  inevitable,  neither 
convention  nor  circumstances  may  prevent  me  from  congratulating  our 
retiring  president  and  the  society  upon  the  very  successful  3-ear  we  have  just 
passed.  A  year  filled  with  all  good  things,  good  president  and  good  papers ; 
good  fellowship  and  good  finances ;  a  good  increase  of  good  members  and 
good  constructive  legislation  for  the  future.  Surel}%  if  the  Society  ever  was 
in   a  condition  to  be  entrusted  to  non-experts,   it  is  now. 

Permit  me  to  say  a  word  further  about  the  good  things  we  have  received 
during  the  past  year.  A  year  ago  the  Society  honored  itself  and  honored 
Mr.  B.  J.  Arnold,  bv  selecting  him  for  its  president.  Owing,  however,  to 
the  great  demands  of  his  private  business  upon  his  time,  he  was  unavoidably 
absent  from  the  city  a  great  deal,  and  particularly  so  upon  our  meeting- 
nights.  Wishing,  therefore,  to  make  some  slight  amends  to  the  Society 
for  the  loss  it  had  endured  through  not  having  its  President  present  at 
all  meetings,  Mr.  Arnold  has  written  a  letter  which  I  will  read,  because  he 
asked  me  not  to  do  so.     The  letter  is  as  follows : 

Chicago.  January-  5.  T907. 
Board  of  Direction,  IVestern  Society  of  Engineers.  Monadnock  Bldg.. 
Chicago. 
Gexti.emex:  Desiring  to  be  instrumental  in  furthering  the  interests  of  the 
Society,  over  which  I  have  had  the  honor  to  preside  for  the  past  year,  in 
all  practical  ways,  and  feeling  that  T  cannot  do  so  to  any  better  advantage 
at  the  present  time,  than  by  contributing  to  its  material  resources,  I  beg 
leave  to  tender  herewith  the  sum  of  one  thousand  dollars  ($1,000).  to  be 
used  for  the  benefit  of  the  Societ}-,  as  its  Board  of  Direction  maj'  elect. 
This  gift  is  made  without  conditions,  as  I  desire  the  members  of  the  Board 
of  Direction  to  be  perfectly  free  to  determine  from  time  to  time  how  the 
income  from  this  money,  or  the  entire  amount,  may  be  used  for  the  best  in- 
trests  of  the  membership. 

Wishing  the  Society  continued  usefulness  and  growing  prosperity.  I   am. 
Yours   sincerely. 

(Signed)    Bion  J.   Arnold. 

Accompanying  the  letter,  was  Mr.  Arnold's  check  for  $1,000.  which  was 
promplh-  and  gratefully  accepted  by  the  Board  of  Direction  for  the  Society 
I  will  now  ask  vou  to  rise  and  give  three  cheers  for  our  retiring  President. 
Mr.  B.  J.  Arnold.     (Three  cheers  and  a  tiger.) 

While  it  is  not  permitted  to  me  to  review  the  past  nor  boast  of  the 
present,  T  may  at  least   conjure  up  a  pipe  dream  of  the  future. 

Let  us  start  with  the  map  of  the  middle  and  western  west  as  a  back- 
ground and  with  Chicago  strategically  situated.  Note  the  energy  of  its 
millions  of  people,  and  the  activity  of  its  billions  of  capital;  sec  the  broad 
fertile  farms  of  constantly  increasing  productiveness  providing  the  greatest 
market  in  the  world   for  manufactured  goods;   see  the  great   railways  con- 
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gested  with  traffic;  the  public  works,  factories  and  other  industries  in  opera- 
tion,  building  or  projected. 

Listen  to  the  call  for  trained  engineers  to  direct  these  industries,  and 
in  response  to  the  call,  see  the  halls  of  the  technical  schools  crowded  with 
engineering    students. 

Once  again,  let  us  look  over  the  picture.  The  fertile  central  west,  with 
its  intelligent,  active  and  homogeneous  people  and  the  great  engineering 
enterprises  and  Chicago  strategically  located  in  the  eye  of  this  great  system 
so  that  it  can  and  does  direct  the  industries  which  radiate  from  this  center. 
The  increasing  throngs  of  engineers  equipped  with  the  best  technical  educa- 
tions which  can  be  obtained,  and  the  Western  Society  of  Engineers  the 
predominating  engineering  society  of  Chicago  and  of  this  Western   empire. 

Will  this  great  West  continue  to  develop? 

Its  growth  tall  be  greater  than  in  the  past. 

Will  Chicago  continue  to  be  the  metropolis  from  which  the  industries 
of  the  West  will  be  directed? 

It  is  inevitable. 

Will  western  engineers  continue  to  associate  together  for  companionship 
and  the  exchange  of  ideas? 

As  long  as  engineers  are  engineers. 

Will  they  look  to  the  halls  of  the  Western  Society  of  Engineers  as  the 
natural  place  for  such  meetings? 

Not  if  our  officers  accept  office  merelj-  for  the  honor  of  the  election,  and 
do  not  repay  the  Society  in  time,  effort  and  zeal  in  the  fulfillment  of  their 
duties.  Not  if  the  Board  of  Direction  is  content  to  drift  along  with  matters 
of  routine,  and  committees  leave  their  work  for  the  secretary  to  look  after. 

The  Western  Society  cannot  be  the  dominating  Engineering  Society  of 
the  west  if  the  members  expect  that  the  officers  alone  can  maintain  its  vigor. 
The  responsibility  placed  upon  the  officers  presumes  an  equal  or  greater 
responsibility  upon  the  members.  They  are  the  ones  who  must  furnish  such 
good  papers  and  good  discussions  that  our  meetings  will  be  enthusiastic  and 
profitable  and  will  induce  a  stream  of  new  recruits  to  swell  our  roster  and 
our  income,  and  so  crowd  our  present  rooms  to  the  point  of  discomfort  that 
we  shall  be  able  and  will  be  compelled  to  seek  larger  and  better  quarters  than 
those  we  now  have. 

We  cannot  hope  always  to  have  a  Thirty  Thousand  Dollar  beauty  for 
president,  or  we  would  all  want  to  be  presidents.  We  can,  however,  always 
have  reasonably  good  officers  if  we  have  active,  critical  and  appreciative 
members.  With  such  members  and  such  officers  we  need  not  fear  that  the 
Western  Society  of  Engineers  will  fail  to  take  and  maintain  the  foremost 
position  among  the  engineering  societies  of  this  great  and  growing  inland 
empire. 

\ye  would  then  be  strong  enough  and  wealthy  enough  to  maintain 
Society  rooms  in  keeping  with  the  importance  of  the  profession  which  we 
represent,  and  those  of  us  who  gave  of  our  time  and  energy  to  its  up- 
building, will  have  the  satisfaction  of  knowing  that  we  have  assisted  in  a 
great,  good  and  successful  work. 

Gentlemen,  I  thank  you  for  the  honor  which  you  have  done  me  in  select- 
ing me  for  your  president  for  the  coming  year,  and  I  accept  the  office  in 
the  hope  that  I  may  assist  the  Society  a  little  to  come  into  its  own.  I  also 
accept  with  the  mental  reservation  that  the  retiring  president  in  donating 
a  Thousand  Dollars  to  our  treasury  has  established  a  worthy  precedent,  to 
be  observ'ed  on  alternate  years  only. 
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Report  of  the  Judges  of  Election. 

January  8,   1907. 
To   the   U'cstcni  Society  of  Engineers,  Chicago. 

Gentlemen  :  The  undersigned  Judges  of  Election,  having  canvassed  the 
ballots  cast  for  the  officers  of  this  Society  for  1907,  have  the  honor  to  report 
as  follows : 

Total  number  of  ballots  cast t,2^ 

Total  number  of  ballots  rejected  as  irregular 8 

Total  number   of  ballots   counted 315 

Number  of  votes  cast  for   President,  W.  L.  Abbott 308 

Number  of  votes  cast  for  First  Vice  President,  Andrews  Allen 306 

Number  of  votes  cast  for  Second  Vice  President,  E.  N.  Layfield 302 

Number  of  votes  cast  for  Third  Vice  President,  A.  N.  Talbot 310 

Number  of  votes  cast  for  Treasurer,  Albert  Reichmann 307 

Number  of  votes  cast  for  Trustee  for  three  years : 

W.   C.   Armstrong 97 

A.    Bement    66 

C.    B.    Burdick 28 

L.    E.    Ritter 88 

Respectfully  submitted, 

(Signed)     Geo.  N.   Linda  v. 

Charles    B.    Gillson. 
H.  M.  Morse. 

Treasl'rer's  Report  for  the  Year  Ending  December  31  st,  1906. 

January  2nd,  1907. 
To  the  Board  of  Direction,  Western  Society  of  Engineers,  Chicago,  III. 

Gentlemen  :  I  respectfully  submit  herewith  a  statement  of  the  Treasurer's 
account  for  the  year  ending  December  31st,  1906,  as  follows: 

Cash  Statement. 
Januarj-  i,  1906,  cash  in  bank  subject  to  check $1,874.35 

Receipts. 

Dues  $7,349.00 

Entrance  Fees  966.00 

Subscription  to  Journal 408.18 

Advertising    2,658.64 

Sales   Journal 172.35 

Interest 3 10.40 

Journal   Account    51-85 

Library   Account    26.15 

House  Expense    ••....      186.68 

Sta.,   Postage  and  Exchange 20.98 

Chanute  Medal  Fund  Account 50.00 

General   Printing   15900 

12,359.23 

$14,233.58 
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Expenditures. 

Journal    Account    $3^982.71 

Library   Account    819.63 

House    Expense     2,588.67 

Sta.,   Postage  and  Exchange 697.01 

General    Printing    76798 

Ser\'ice?     •  • 1,500.00 

Furniture   and   Fixture   Acct 37-8o 

Investment  Account   2,763.28 

Interest   Account    23.40 

J.  H.  Warder   ( Spec.  Acct. ) 35-00 

$13,215.48 

Balance   in   Bank  Dec.   31.   1906 I,0i8.i0 

$14,233.58 
Summary. 
Statement   January   ist,   1906: 

To  credit  Western   Society  of  Engineers $5-275-35 

Chanute    Medal    Fund 1,099.00 


3,374-35 


Investments     4,500,00 

Cash    1,874-35 


$6,374-35 
Statement  of  January  ist,  1907: 

To    credit    Western    Society   of    Engineers    •  ■ $7,079.10 

Chanute    Medal    Fund 1,149.00 


?,228.I0 


Investments    7,210.00 

Cash    •  ■ 1,018.10 


$8,228.10 
Respectfully   submitted, 
January  2nd,   1907.  (Signed)     Albert  Reichmann, 

Treasurer. 

SECRETARr's   REPORT. 

Chicago,  January  8,  1907. 
7o  the  board  of  Direction,   Western  Society   of  Engineers,   Chicago. 

Gentlemen  :  Of  the  affairs  of  the  Western  Society  of  Engineers  for  the 
year  1906,  I   have  the  honor  to  report  as  follows : 

The  membership  in   the   Society   December  31,    1906,   was   925.   classified 
as  follows : 

Honorary    members    i 

Active    members,    resident 405 

Active    members,    non-resident 320 

725 

Associate  members,   resident 61 

Associate    memberSj    non-resident 12 

T     •  -.  73 

juniors,   resident    87 

Juniors,    non-resident     39 

126 

Total  membership    925 

From  this  number  there  will  be  some  losses,  such  as  resignations  to  be 
acted  on,   and   members  to  be   dropped,   after   January   i.    1907.     But    there 
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were  nineteen  new  applications  for  membership,  endorsed  by  the  Member- 
ship Committee,  and  duly  elected  at  the  meeting  of  the  Board  of  Direction 
January  5,  1Q07,  but  who  have  not  yet  qualified. 

The  number  of  new  members  elected  during   1906  was    105,  but 

Death   has   claimed 6 

Resignations  were  accepted   from 14 

Dropped  from  membership 16 

Total    losses ^fi 

which  leaves  a  net  gain  to  the  Society  during  1906  of  6g. 

There  have  been  15  transfers  in  grade  in  the  Society  as  follows : 

From   Junior    to    Active 13 

From  Junior  to  Associate i 

From   Associate   to  Active i 

15 
The  death  list  in  1906  is  as  follows  : 
H.   W.    Parkhurst,    Chicago,   died   April   7,    1906. 
John    Saltar,    Jr.,    Philadelphia,    died   July    11,    1906. 
A.  W.   Fiero,  Chicago,  died  July  28,    1906. 
F.  P.  Dobson,  El  Paso,  Texas,  died  Aug.  25,  1906. 
A.  V.  Abbott,  New  York,  died  Dec.  i,  1906. 
O.  B.  Green,  Chicago,  died  Dec.  30,  1906. 

During  the  year  1906  there  have  been  29  called  meetings,  as  follows : 
I  Annual  Meetings. 
9  Regular  Meetings,  held  the  first  Wednesdays  in  February,  March.  April, 

May,  June,  September,  October,  November,  and  December. 
12  Extra  Meetings  of  the  Society. 
7  Extra  Meetings  held  by  the  Electrical  Section. 
A  list  of  these  meetings  follows,  which  shows  31  separate  papers  or  ad- 
dresses, of  which  15  were  printed  and  sent  out  in  advance  of  the  meeting.    Of 
these  31  papers  and  addresses,  11  papers  were  not  published  in  the  Journal 
for  the  j'ear  1906,  but  most  of  them  will  be  available  for  the  Journal  in  1907. 

List  of  Z^Ieetings  ix  1906. 
Tuesday,  January  2: 

The  36th  Annual  Meeting  (No.  564)  was  held  at  the  Sherman  House  and- 
followed  bj-  a  Dinner. 
Wednesday,  January  17 : 

Extra  Meeting    (No.   565V     Mr.   M.   O.   Leighton,   of  the   United   States 
Reclamation   Service,   presented  a  paper  on    "High   Pressure   Sluicing 
Gates." 
Friday,  January   26 : 

Extra   Meeting    (Xo.   566).      14th    and   annual    meeting   of   the   Electrical 
Section.     !Mr.    ^lason   B.    Starring.   General    Manager   of   the   Chicago 
City  Railway  Co..  presented  a  paper  on  "The  Best  Type  of  Electric 
Car  for  City  Service." 
Wednesday,   February  7 : 

Regular  Meeting  (No.  567).    A  paper  on  the  subject  of  "Areas  of  Water- 
ways for  Railroad  Culverts,"  by  Messrs.  G.  H.  Bremner,  Jame$  Dun, 
John  W.  Alvord,  Louis  Kingman,  and  others,  was  presented.    (Paper 
printed  and  sent  out  in  advance.) 
Wednesday.  February  21 : 

Extra  Meeting  (No.  568).  Mr.  S.  F.  Joor,  m.w.s.e..  read  his  paper 
on  "Elevating  and  Conveying  Machinery."  (Paper  printed  and  sent 
out  in  advance.) 
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\V ednesday,  March  7: 

Extra  Meeting  (No.  569).  Prof.  E.  G.  Smith,  m.w.^.e.,  presented  his 
paper  on  "Urban  Tendencies  of  Population  as  Aflfecting  the  Problems 
of  the  Engineer." 

Friday.  March    16 : 

Extra  Meeting  (No.  570).  15th  meeting  of  the  Electrical  Section.  Prof. 
P.  B.  Woodworth,  m.w.s.e.,  read  his  paper  on  "Schools,  Engineers 
and  Employers."' 

Friday.  March   -PS  '■ 

Extra  Meeting  (No.  571).  A  paper  by  Messrs.  W.  T.  Curtis,  m.  w.  s.  e., 
and  Josiah  Gibson,  m.w.s.e..  on  "A  New  Method  of  Calculating 
Bridge  Stresses  by  Means  of  End  Shears"  was  presented.  (Paper 
printed  and  sent  out  in  advance.)  Prof.  W.  K.  Hatt,  of  Purdue  Uni- 
versity, also  addressed  the  meeting  on  "Physical  and  Mechani-cal 
Characteristics  of  Structural  Timber." 

U' ednesday,  April  4: 

Regular  Meeting  (572).  Mr.  A.  W.  Merrick,  m.w.s.e.,  presented 
his  paper  on  "The  Clay  Slide  at  the  Boone  Viaduct,  Boone,  Iowa." 
(Paper  printed  and  sent  out  in  advance.) 

IVedncsdav,  April   18: 

Extra  Aleeting  (No.  573).  Mr.  C.  H.  Carthdge,  m.w.s.e.,  presented 
hi?  paper  on  "Notes  on  the  Design  of  Swing  Bridges,  etc."  (Paper 
printed   and    sent  out   in   advance.) 

Friday,    April   20: 

Extra  Meeting  (No.  574).  i6th  meeting  of  Electrical  Section.  Mr.  Al- 
bert Scheible,  m.w.s.e.,  presented  his  paper  on  "What  Degree  of 
Accuracy  is  Feasible  and  Necessary  in  Wiring  Calculations?" 

Wednesday,  May   2:     ■ 

Regular  Meeting  (No.  575).    A  paper  on  the  subject  of  "Development  of 
Mechanical  Filtration,"  prepared  by  Mr.  R.  E.  Milligan,  m.w.s.e.,  was 
read  by  Mr.  J.  W.  Alvord,  m.w.s.e. 
Wednesday,  May  16: 

Extra  Meeting  (No.  576).  A  paper  on  "Fireproofing  of  Steel  Buildings," 
by  Gen.  Wm.  Sooy  Smith,  m.w.s.e.,  was  read  by  the  Secretary.  Mr. 
W.  H.  Finley,  m.w.s.e.,  also  gave  a  talk  on  "The  Design  and  Main- 
tenance of  Machinery  for  Swing  Bridges,"  in  further  discussion  of 
Mr.    Cartlidge's   paper   on    Swing   Bridges. 

Friday,  May  18 : 

Extra    Meeting    (No.    577).      17th    meeting    of    Electrical    Section.      Mr. 
H.  R.  King,  M.W.S.E.,  presented  his  paper  on  "The  Hawthorne  Shops 
of  the  Western  Electric  Co." 
Wednesday,  June  6. 

Regular  Meeting  (No.  578).  A  paper  prepared  by  Prof.  L.  E.  Ashbaugh, 
m.w.s.e.,  on  the  subject  of  "The  Assessment  of  Drainage  Districts," 
was  read  by  the  Secretary.     (Paper  printed  and  sent  out  in  advance.) 

Wednesday,  June  13: 

Extra  Meeting  (No.  579).  Mr.  A.  J.  Hammond,  City  Engineer  of  South 
Bend,  Ind..  read  his  paper  on  "The  Jeflferson  Street  Reinforced  Con- 
crete Arch  Bridge,"  which  was  followed  by  a  paper  from  Mr.  O.  E. 
Strehlow  on  the  construction  of  this  same  bridge.  (Paper  printed  and 
sent  out  in  advance.) 

Wednesday,  September  5 : 

Regular  Meeting  (No.  580).  Mr.  W.  L.  Abbott,  m.w.s.e.,  presented  his 
paper  on  "Sortie  Characteristics  of  Coal  as  Aflfecting  Performance 
with    Steam   Boilers."      (Paper   printed   and   sent  out   in  advance.) 
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Wednesday.  September  19 : 

Extra  Meeting    (Xo.  581).     Mr.  A.   S.  Robinson,  m.w.s.e..  presented  his 
paper   on    "The    Proposed   'Inner    Circle'    System   of   Chicago    Subway 
Terminals."      (Paper  printed  and  sent   out   in  advance.) 
Wednesday,  October  jf: 

Regular  Meeting  (No.  582).    ]\Ir.  A.  Bement.  m.w.s.e.,  presented  his  paper 
on  "The  Testing  of  Coal."     (Paper  printed  and  sent  out  in  advance.) 
Friday,  October  12: 

Special    Extra    Meeting    (Xo.    583).      Topical    discussion,    "Public    Policy 
Demands  a  Waterway  System,"  by  Mr.  L.  E.  Cooley,  the  Hon.  Joseph 
E.    Ransdell,    Mes'^rs.   John   A.   Fox,   Charles  T.    Harvey,   Isham   Ran- 
dolph, and  others. 
Wednesday.  October  17 : 

Extra    Meeting     (No.    584).      ]Mr.    A.    Bement.    m.w.s.e.,    presented    his 
paper  on  "The  Suppression  of  Industrial  Smoke,  with  particular  refer- 
ence to  Steam  Boilers."     (Paper  printed  and  sent  out  in  advance.) 
Friday.   October  19 : 

Extra  iMeeting    (Xo.  585).     i8th  meeting  of  Electrical   Section.     Mr.    P. 
Junkersfeld.    m.w.s.e.,   presented    his    paper   on    "Electric    Power    Sys- 
tems in  Some  European  Cities." 
Wednesday,  Noi'cmber  7: 

Regular  Meeting  (No.  586).     A  paper  prepared  by  Mr.  Charles  H.  Hud- 
son,  M.W.S.E.,  was   read  by  his  son,  ^Ir.  Charles  Hudson,  the   subject 
being  "Road  Resistance."     (Paper  printed  and  sent  out  in  advance.) 
Friday^  Xovembcr  16: 

Extra    Meeting    (X'o.    587).      19th    meeting    of    Electrical    Section.      Mr. 
Geo.  A.  Damon,  m.w.s.e.,  presented  a  paper  on  "What  is  an  Engineer- 
Constructor?" 
Wednesday,  November  21 : 

Extra  Meeting    (No.   588).  Mr.   Edward   DeKnight,   of   New  York,   read 
his   paper   on    "Water-proofing,    particularly   as   applicable   to    Masonr\' 
and  Concrete   Structures." 
Monday.  November  26: 

Special-Extra   Meeting    (No.   589).     Mr.    R.    S.    Whipple,   of   Cambridge, 
England,   read   his   paper  on   "Practical   Pyrometry." 
Wednesday,  December  5 : 

Regular  Meeting   (No.  590).     Mr.  O.   P.   Chamberlain,   m.w.s.e.,  presented 
his  paper  on  "Concrete  Pipe  Culverts,"  which  was  followed  by  a  paper 
from  Mr.  T.  L.   Condron,   m.w.s.e.,  on   "Tests  of  Bond  Between   Con- 
crete and  Steel."     (Both  papers  printed  and  sent  out  in  advance.) 
Wednesday,   December   19 : 

Extra  Meeting  (No.  591).     Mr.  F.  W.  Huels,  of  Madison,  Wis.,  presented 
his   paper   on    "Vibrations   of   passenger   trains    from    electric    lighting 
engines."     (Paper  printed  and  sent  out   in  advance.) 
Friday,  December  21 : 

Extra  Meeting  (Xo.  592).  2Dth  meeting  of  the  Electrical  Section.  Mr. 
R.  F.  Schuchardt.  m.w.s.e.,  presented  his  paper  on  "The  Rotary  Con- 
verter Sub-Station." 

The  matter  of  increasing  the  revenue  of  the  Society  has  been  under 
consideration  by  the  Board  of  Direction  during  the  past  year,  and  in  ac- 
cordance with  instructions,  the  Secretary  has  sent  out  to  the  members  sundry 
circulars  presenting  the  question  of  increasing  the  fees  and  dues,  with  the 
object  in  view  of  increasing  the  income  of  the  Society.  An  amendment  to 
the  By-Laws  was  proposed  by  a  Resolution  presented  at  the  regular  meeting 
of  the  Society  November  7th,  and  then  sent  out  to  the  active  membership 
for  their  approval  by  letter  ballot.    The  result  of  this  ballot  was  favorable  to 
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the   proposed   amendment   to    the    By-Law?,   fixing   the    fees   and    dues    at    a 
greater   amount   than   heretofore,   and   as   follows : 

Entrance   Fees   for   Active   and   Associate  members $12.50 

Entrance   Fees   for  Juniors 5-00 

Annual   Dues   of  Resident  Active   and   Associate   members 12.50 

Annual  Dues  of  Xon- resident  Active  and  Associate  members 8.50 

Annual  Dues  of  Juniors  to  remain  as  heretofore,  at 5.00 

This  increase  of  fees  and  dues  to  be  effective  after  January  ist,  1907. 
Very  respectfully   submitted, 

(Signed)     J.  H.  Warder, 

Secrelar'^. 

librarian's  report. 

Chicago,  January  8,  1907. 
To  the  Board  of  Direction,  Western  Society  of  Engineers,  Chicago. 

Gentlemen  :  The  Librarian  begs  to  submit  the  following  report  on  the 
Library  of  the  Society : 

Number  of  books  accessioned  up  to  December  31,   1906 6,103 

Number  of  books  accessioned  up  to  December  31,   1905 5.597 

Additions  to  the  library  during  1906 506 

These  may  be  classified  as  follows : 

Number  of  volumes  of  serials  bound  at  the  expense  of  the  Society 153 

Number  of  bound  books — gifts  to  the   Society  and  exchanges 305 

Number  of  books  purchased 21 

Number    of    pamphlets    accessioned 27 

506 
The  total   net   charge   against  the  library   for    1906  is  $793.48,   divided  as 
follows : 

Mibney  expended  on  binding    books $169.95 

Money  expended  on  purchase    of    books 16.75 

Money  expended  on  services  for  library 554- 5o 

Money  expended  on  furniture    &   fixtures 37-8o 

Money  expended  on  sundries     1448 

$79348 
The  number  of  books  accessioned — 506 — is  greater  than  for  previous  years, 
though  only  2T  books  were  cash  purchases.    But  the  number  of  books  given  to 
the  Society  by  publishers  and  others  is  notable. 

The  largest  item  of  expense  of  the  library  is  that  of  services,  amounting 
to  $554.50.  Of  this  the  sum  of  $300.00  was  expended  in  preparing  a  list  of 
books  in  the  library,  with  the  object  in  view  of  having  the  same  printed 
in  pamphlet  form  for  the  use  of  the  members  and  others.  The  printing  of 
this  list  has  not  yet  been  done,  but  it  is  expected  that  the  matter  will  be 
taken  up  this  coming  year. 

The  value  of  the  Library  and  Reading  Room  is  more  and  more  appre- 
ciated, and  is  resorted  to  constantly  by  our  members  and  the  public  also. 
But  the  need  of  additional  space  for  the  growing  library  is  more  and  more 
urgent,  and  it  is  hoped  that  more  room  may  be  secured  in  the  near  future. 
It  is  the  sincere  hope  and  earnest  desire  of  the  Library  Committee,  the 
Board  of  Direction,  and  the  Librarian,  that  before  long  means  may  be 
available  to  enlarge  the  quarters  of  the  Society,  including  the  Library  and 
Reading  Room,  for  the  greater  benefit  to  our  members  and  the  community. 
Very  Respectfully  submitted. 

(Signed)     J.  H.  Warder, 

Librarian. 
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Rock  Minerals  :  Their  Chemical  and  Physical  Characters  and  their  De- 
termination in  Thin  Sections.  By  Joseph  P.  Iddings.  Octavo.  548  pages, 
numerous  figures  through  the  text.  2  folded  plates  (i  in  colors).  John 
Wiley  and   Sons.   New  York.     1906.     $5.00. 

It  is  told  of  a  certain  professor,  much  given  to  writing  text  books,  that 
he  required  each  succeeding  edition  to  be  bound  in  a  new  color  so  as  to  easily 
assure  himself  that  the  students  had  purchased  the  latest.  If  there  was  as 
much  difference  as  between  Professor  Iddings'  new  book  and  his  well  known 
translation  from  Rosenbusch,  so  long  the  standard,  the  device  was  well 
justified.  As  those  who.  a  dozen  years  or  more  ago,  studied  the  old  Iddings- 
Rosenbusch  text  turn  throu.gh  the  new  volume  they  will  be  struck  by  the 
vast  strides  made  by  petrographers  in  that  time.  This  is  reflected  in  two 
characteristics  of  the  new  book ;  its  inclusiveness  and  its  precision.  There 
are  on  the  one  hand,  a  large  number  of  minerals  described,  which  because 
of  their  rarity  were  formerly  omitted  from  the  text  books,  and  on  the  other, 
new  determinations  and  new  methods  permit  of  a  precision  which  was  for- 
merly impossible.  This  is  particularly  exemplified  in  the  treatment  of  the 
feldspars.  Even  a  brief  comparison  of  the  methods  now  available  with  those 
taught  to  students,  will  reveal  a  wonderful  progress  in  devices  and  deter- 
minations. 

Professor  Iddings  has  wisely  expanded  very  greatly  the  general  treatment 
of  the  subject  which  precedes  the  special  description  of  the  minerals.  As 
he  points  out,  students  of  petrography  are  supposed  to  come  to  it  with  a  gen- 
eral knowledge  of  physical  chemistry  and  co-ordinate  subjects,  but  never- 
theless need  a  review  designed  to  point  out  the  particular  application  of 
the  science  to  the  immediate  problem.  This  attitude  and  treatment  make 
the  book  rather  one  for  beginners  and  general  students  of  petrography,  such 
as  engineers,  than  for  petrographers.  The  latter  need  the  fuller  references 
which  would  be  useless  to  general  students  because  of  poor  library  facilities 
and    defective    command    of    foreign    languages. 

Among  interesting  developments  recorded  in  this  book  are  the  disap- 
pearance of  the  familiar  Xauman  symbols;  the  definition  of  crystal  habit  in 
precise  terms ;  the  substitution  of  X.  Y.  Z.  for  %,  'i&,  6,  the  axes  of  fastest, 
medium  and  slowest  vibration ;  and  the  large  infusion  of  chemistry.  The 
introduction  of  numerous  figures  in  the  text  at  the  expense  of  the  elaborate 
plates  in  the  older  book  is  a  distinct  improvement.  The  inclusion  of  the 
magnificent  colored  plate  of  birefrigences  first  used  in  "Lcs  Mineraux  des 
.Roches''  of  Michael  Levy  will  prove  of  daily  service  in  every  laboratory.  It 
is  to  be  hoped  that  the  publisher?  have  made  arrangements  for  extra  copies  of 
this  plate  to  be  supplied  separately. 

The  book  is  complete  and  up-to-date,  including  even  such  recent  work  as 
the  studies  of  artificial  feldf^par  and  calcuim  silicates  by  Day  and  his  asso- 
ciates of  the  Carnegie  Institution.  It  is  a  text  book  of  the  highest  class,  not 
quite  elementary  enough  perhaps  for  beginners  who  have  an\'  but  the  best 
of  teachers,  and  yet  a  book  of  wide  usefulness.  If  we  might  only  hopd  that 
some  one  would  treat  the  vein  minerals  with  equal  fullness,  engineers  inter- 
ested in  such  subjects  could  well  rest  satisfied.  H.  F.  B. 

Boiler  'V\'^aters  :     By  William  Wallace  Christie,  M.  Am.  Soc.  M.  E.    D.  Van 
Nostrand  Co.,  New  York.     235  p.,  6  by  9  in.,  71   illustrations,   and  many 
tables.     Cloth.     Price,  $3.50. 
This  work,  as  the  title  implies,  deals  almost  entirely  with  the  subject  of 

waters  for  use  as  steam  boiler  feed  supplies.  It  is  largely  a  compilation  and 

1.3!) 


160  Book  Reviews. 

resume  of  literature  and  writings  on  the  subject  covering  a  period  of  sev- 
eral j-ears  past,  including  many  of  the  most  recent  publications  relating  to 
same. 

The  first  chapter  deals  very  largely  with  the  scientific  side  of  the  sub- 
ject, giving  the  chemistry  and  physical  properties  of  many  of  the  substances 
with  which  we  have  to  contend,  with  slight  aUusions  to  dififerent  substances 
used  in  the  treatment  of  water,  both  previous  to  entering  the  boiler  and 
directly  therein.  This  chapter  also  contains  reports  of  analyses  of  many 
different  waters,  which  no  doubt  will  prove  of  considerable  value  to  any 
person  interested  in  the  subject.  In  some  cases,  however,  the  reviewer  does 
not  believe  that  the  results  shown  are  sufficiently  complete,  as  it  is  necessary 
many  times,  in  order  to  judge  the  quality  of  a  water  for  use  as  a  boiler  feed 
supply,  to  not  only  know  the  total  amount  of  carbonates  of  lime  and  magnesia 
and  the  total  amount  of  sulphates  of  lime  and  magnesia,  but  also  to  know  the 
proportionate  amount  of  each  of  the  different  salts  mentioned,  together  with 
a  quantitative  statement  of  the  amount  of  alkali  salts,  as  well  as  other  salts 
contained  in  the  water  itself, — for  instance,  nitrates.  It  is  also  the  reviewer's 
opinion  that  the  matter  of  deleterious  effects  such  as  are  common  in  prac- 
tice where  waters  contain  proportionately  large  amounts  of  alkali  salts  is 
not  given  the  consideration  which  it  should  have  received,  as  ill  effects  from 
waters  of  this  type  in  practice  at  the  present  time  are  almost  as  common 
as  the  troubles  arising  from  waters  which  cause  incrustation  only.  The 
methods  and  simple  apparatus  described  for  preliminary  testing  of  water 
are  deserving  of  compliment,  as  they  will  enable  the  engineer  who  is  not 
a  chemist,  or  anyone  interested  in  the  subject,  to  obtain  much  information 
previous  to  having  a  more  complete  analysis  made,  the  latter,  however,  be- 
ing always  advisable. 

The  chapter  on  corrosion,  as  well  as  that  on  foaming,  are  also  very 
good,  but  the  more  modern  theories  are  in  some  cases  absent. 

The  balance  of  the  work  treats  very  largely  of  heaters,  mechanical  devices 
for  purifying,  water  softeners,  etc.,  which  are  up  to  date  and  described  very 
much  in  detail.  The  book  as  a  whole  is  a  very  desirable  one  for  the  en- 
gineering chemist,  and  would,  no  doubt,  prove  of  much  value  to  the  en- 
gineer himself,  or  other  men  in  charge  of  a  steam  plant.  The  paper  is 
high-class,  the  print  is  good,  and  the  illustrations,  which  are  numerous, 
are  excellent.  W.  A.  C. 

R.MLROAi)  Location,  Surveys  and  Estimates:  By  F.  Lavis,  Assoc.  M.  Am. 

Soc.  C.  E.     New  York :  The  Myron  C.  Clark  Publishing  Company.  6  by 

954  ins. ;  pp.  270,  with  plates,  illustrations,  appendices,  tables  and  index. 

Cloth.     Price,  $300. 

The  name  of  this  work  is  not  written  alike  on  the  title  page  and  on  the 
first  page  of  the  introduction.  In  the  latter  place  there  is  a  comma  after 
the  second  word  which  would  better  be  omitted.  The  heading  "Railroad 
Location"  which  is  placed  on  the  top  of  the  even  numbered  pages  throughout 
the  work  is  misleading.  The  book  does  not,  and  does  not  pretend  to,  dis- 
cuss either  the  deepest  principles  or  the  broader  problems  of  railroad  loca- 
tion. The  book  comprises  a  very  valuable  discussion  of  the  surveys  and 
estimates  to  be  made  in  railroad  location  in  countries  more  or  less  unde- 
veloped. The  author  discusses  the  subject  as  if  topography  alone  determined 
the  location  of  the  line.  Right  of  way  values  and  business  to  be  secured  are 
outside  of  the  scope  of  the  work. 

The  work  has  been  carefully  compiled,  but  discusses  methods  rather  than 
principles.  The  reader  is  supposed  to  understand  the  geometrical  work  of 
laying  out  curves,  but  he  is  not  supposed  to  know  how  to  mark  stakes  or 
pitch  a  tent.  Thus  the  problems  discussed  are  very  practical;  such  as  every 
engineer  experienced  in  field  railway  surveying  on  new  lines,  remembers  to 
have  heard  discussed  a  thousand  times  around  his  camp  fires. 

The  work  contains  a  great  deal  of  the  same  matter  as  a  paper  published 
by  tlie  author  in  June,  IQ04,  in  Transactions  of  The  American  Society  of 
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Civil  Engineers.  As  that  paper  was  quite  generally  discussed  by  a  number 
of  prominent  engineers  and  quite  generally  approved,  and  as  the  author  has 
had  broad  experience  in  the  tield  he  covers,  the  work  should  become  an  au- 
thority in  the  limited  field  of  engineering,  of  which  it  treats. 

A  quarter  of  a  century  ago  there  were  no  works  in  print  discussing 
methods  of  conducting  railway  surveys.  A  young  engineer  came  from  col- 
lege with  his  calculus,  his  "Henck,"  and  his  "Trautwine"  under  his  arm. 
but  he  had  to  leafn  how  to  use  his  book  knowledge  after  he  had  come  into 
the  field,  by  serving  a  sort  of  apprenticeship,  oftentimes  under  quite  illiterate 
men.  He  might  be  able  to  calculate  his  notes  for  laying  out  a  curve,  but  he 
did  not  know  how  to  set  up  his  transit ;  he  might  know  the  theory  of  com- 
pound curves,  but  he  couldn't  lay  out  a  spiral  on  the  ground. 

Xoi  only  is  the  student  of  today  much  better  and  more  practically  trained 
in  school  but  the  literature  available  is  so  complete  that  he  can  gain  in  a  few 
weeks'  reading  as  much  general  information  in  regard  to  special  fields  of 
engineering,  as  it  formerly  required  years  of  experience  to  acquire. 

Witness  what  has  been  done  in  this  special  field  of  railway  construction. 
Both  Bcahan  and  Lains  have  told  how  survejs  should  be  conducted ;  IVaitc 
and  Johnson,  tell  the  young  railway  engineer  how  to  prepare  his  contracts 
and  to  write  his  specifications  and  Gillette  tells  him  how  to  handle  his  ma- 
terial. 

But  the  reviewer  takes  issue  squarely  with  the  author  in  his  idea  that  the 
students  in  college  will  be  materially  benefited  "by  going  through  the  book 
under  the  guidance  of  their  instructor,"  or  in  other  words,  by  using  the  work 
as  a  text  book. 

The  reviewer  has  had  some  experience  both  in  the  school  room  and  in 
the  special  field  covered  by  this  work,  and  he  is  convinced  that  neither  this 
work,  nor  any  work  that  deals  for  the  most  part  with  methods,  is  suitable  for 
a  text  book.  Students  in  college  need  intellectual  drill  and  they  tire  quickly 
of  a  study  of  methods.  The  time  when  men  become  interested  in  methods 
is  when  they  try  to  execute  and  fail.  Only  then  does  "method"  appeal  to 
them. 

The  reviewer  has  learned  with  surprise  that  Beahan's  "Field  Practice  of 
Railway  Location"'  is  being  used  as  a  text  in  railway  engineering  in  some 
of  the  leading  engineering  schools.  It  is  certain  that  Mr.  Beahan  did  not 
write  his  work  for  a  text  book.  Such  works  as  it  and  the  one  under  discus- 
sion will  serve  nicely  to  supply  material  for  a  short  course  of  lectures  by  the 
teacher  or  to  cover  the  field  of  readings  assigned  to  the  student.  But  even 
the  average  engineering  student  is  better  employed  in  college  in  reading 
choice  English  Literature  or  in  studying  Political  Economy  or  the  funda- 
mentals of  some  Science  than  in  learning  descriptive  matter  as  to  how  any- 
thing is  done,  even  if  it  is  as  interesting  a  subject  as  how  to  project  a  paper 
railway  location. 

The  best  use  the  w'ork  will  serve,  and  here  it  is  indispensable,  is  in  in- 
forming the  young  railway  engineer  how  to  proceed  after  he  has  finished 
his  college  course  and  begun  his  professional  work  in  the  particular  field  of 
railway  location,  in  countries  more  or  less  undeveloped.  W.  D.  T. 

Alternating  Current  Motors.  By  A.  S.  McAllister,  Ph.  D.,  New  York, 
N.  Y.  McGraw  Publishing  Co.,  272  pages,  6  by  9  in. ;  numerous  illus- 
trations.   Cloth.    Price  $3.00 

A  close  reading  of  this  book  will  convince  the  reader  that  the  author  is 
familiar  not  only  with  the  theoretical  foundation  of  the  design  of  alternating 
current  motors  but  with  the  experimental  results  which  may  be  observed  by 
test.  In  the  preface  the  author  refers  to  the  fact  that  many  writers  use  terms 
without  proper  discrimination  in  such  a  manner  as  to  confuse  even  a  well 
posted  reader.  Apparently  this  source  of  trouble  is  entirely  absent  and  the 
book  is  greatly  enhanced  thereby.  Mathematics  including  integral  calcular 
is  used.  Numerous  vector  diagrams  are  also  used  to  show  the  relation  of 
the  various  quantities.     An  excellent   feature  of  the  work  is  that  whenever 
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mathematics  or  diagrams  are  used  the  conclusions  to  be  arrived  at  are  clearly 
and  concisely  summed  up  in  the  reading  matter.  This  is  a  great  advantage 
to  the  reader  who  is  not  able  to  make  proper  deductions  from  formulas  or 
diagrams. 

The  first  pages  are  devoted  to  a  review  of  methods  of  measuring  power 
on  alternating  current  circuits,  and  of  the  economical  use  of  conducting  ma- 
terial. The  phenomena  of  the  induction  motor  dealing  with  the  production 
of  the  revolving  field  is  next  taken  up.  After  the  better  known  principles  are 
considered,  the  Heyland  induction  motor  is  discussed.  In  chapter  VI  single 
phase  induction  motors  are  considered.  Various  methods  of  obtaining  rotary 
fields  on  single  phase  circuits,  both  with  and  without  a  commutator,  are  con- 
sidered. Next  the  graphical  treatment  of  induction  motors  and  numerous 
data  giving  the  performance  which  may  be  expected  from  machines  are  in- 
cluded. The  chapter  on  induction  motors  used  as  generators  is  at  present 
of  little  commercial  interest;  however,  the  insight  into  the  use  of  commuta- 
tors with  them,  aids  in  forming  a  foundation  for  the  treatise  on  single  phase 
commutator  motors  which  is  considered  later. 

Approximately  the  last  half  of  the  book  is  devoted  to  single  phase  com- 
mutator motors,  including  the  repulsion,  the  straight  series,  the  compensated 
series  and  numerous  modifications  of  these  fundamental  types  which  have 
only  recently  become  of  commercial  importance.  The  treatment  of  this  sub- 
ject is  probably  the  most  complete  and  concise  in  print  at  the  present  time. 
Previous  to  the  publication  of  this  work  the  only  articles  pertaining  to  the 
subject  were  to  be  found  in  various  periodicals  and  proceedings  of  technical 
societies.  It  is  a  great  pleasure  to  find  this  scattered  information  combined 
in  a  complete  and  logical  manner.  W.  J.  W. 

Practical  Met.\l  Turning  :  A  handbook  for  machinists,  technical  students 
and  amateurs.  By  Joseph  G.  Horner,  404  pages,  including  index ;  488  il- 
lustrations. New  York.  Norman  W.  Henley  Publishing  Co.  Cloth, 
8x5^  in.    Price  $3.50. 

This  is  an  excellent  work,  though  the  style  and  some  of  the  ilUustrations 
betray  its  English  origin.  Certain  terms  employed  do  not  sound  natural  to  a 
Yankee,  yet  one  acquainted  with  the  subject  would  not  be  confused.  He 
would  find  the  book  full  of  valuable  information  if  at  all  conversant  with  the 
subject.  To  a  technical  student  or  a  "prentice"  eager  to  learn  all  he  can 
of  his  craft,  the  book  will  be  found  "pleasant  reading."  After  the  introduc- 
tion, which  explains  the  relation  between  the  lathe  shop,  and  the  other  parts 
of  a  machine  work?,  the  subject  matter  is  classed  under  Section  I,  The  Lathe, 
its  work  and  the  tools.  Section  II,  Turning  between  centres.  Section  III, 
Work  supported  at  one  end.  Section  IV,  Internal  work.  Section  V,  Screw 
cutting  and  turret  (lathe)  work;  and  finally  Section  VI,  Miscellaneous  mat- 
ters, which  includes  special  work — Measurement,  Grinding,  Tool  Holders, 
Tool  Steels  (special)  with  speeds  and  feeds,  for  rapid  work. 

The  advent  of  these  "High  Speed  Steel"  cutting  tools  has  introduced  great 
changes  in  the  output  of  the  lathe  shop,  over  that  of  an  earlier  generation  of 
workmen,  and  the  instructions  for  the  working  of  the  steel  for  these  cutting 
tools  is  very  properly  introduced  at  the  end  of  the  book.  The  appliances  for 
holding  the  work  as  chucks  of  various  forms  and  designs,  are  interesting  to 
one  who  recalls  some  of  the  difficulties  experienced  in  his  "prentice  days," 
and  he  thinks  with  regret  how  he  would  have  revelled  in  such  a  work  as  this 
in  those  early  eager  and  enthusiastic  days,  when  to  be  put  at  lathe  work 
was  counted  as  quite  an  advance,  and  almost  as  a  "reward  of  merit"  for  pre- 
vious good  behavior  in  the  shop.  W. 

The  Design  of  Steel  Mill  Buildings,  and  the  Calculation  of  Stresses 
IN  Framed  Structures.     By  Milo  S.  Ketchum.  C.  E.,  Professor  of  Civil 
Engineering,  University  of  Colorado.    Second  Edition,  Engineering  News, 
New  York,  1906.     Cloth,  6  by  9  in.,  pp.  480.     $4.00. 
The  well  deserved  favor  with  which  the  first  edition  of  this  work  was 

received  has  inspired  the  author,  in  bringing  out  the  second  edition,  to  add 
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many  valuable  pages,  making  it  still  more  of  a  standard,  not  only  for  the 
student,  but  also  for  the  practicing  engineer. 

The  evident  and  justifiable  fondness  of  the  author  for  the  graphic  method 
of  solving  the  various  problems  presented  to  the  designer  of  steel  mill  build- 
ings and  other  structures  has  led  him  to  develop  this  method  in  various  di- 
rections, the  most  notable,  perhaps,  being  a  very  full  discussion  of  influence 
diagrams  and  methods  of  calculating  the  deflection  of  beams.  The  graphic 
method  is  also  applied  to  the  calculations  of  reactions  and  wind  stresses  in 
transverse  bents. 

Tables  of  "Concentrated  Live  Loads"  and  "Allowable  Pressures,"  as  pro- 
posed by  Mr.  C.  C.  Schneider,  are  inserted  for  the  use  of  the  working  de- 
signer whose  further  needs  are  also  provided  for,  by  the  addition  of  fifteen 
pages  of  standard  dimensions  of  structural  shapes  and  details  taken  from 
the  American  Bridge  Company  Standards. 

The  subject  of  "Stresses  in  Pins"  is  carefully  treated,  but  there  is  room 
for  much  to  be  said  regarding  the  calculation  of  stresses  in  columns  under 
eccentric  loading,  especially  columns  carrying  crane  runways  on  brackets. 

The  principles  governing  the  calculation  of  the  reactions  of  continuous 
beams,  and  their  application  to  the  design  of  draw  bridges,  form  the  subject 
of  an  additional  section. 

The  ^lodified  Saw  Tooth  Roof  proposed  by  the  author  in  the  first  edition 
is  elaborated  in  the  present  volume,  and  the  advantages  of  this  form  of  con- 
struction are  emphasized.  The  report  of  a  committee  on  Skylight  Construc- 
tion for  Railway  Train  Sheds  is  also  inserted^ 

Additional  examples  are  given  of  notable  building  construction,  including 
a  standard  reinforced  concrete  roundhouse — which  one  would  hardly  expect 
to  find  in  a  volume  devoted  to  Steel  Mill  Building. 

The  book  closes  with  a  large  number  of  problems  covering  a  variety  of 
principles  and  special  design?,  solved  by  the  graphic  method  and  serving  to 
make  clear  to  the  student  the  manner  of  applying  to  practical  ends  the  prin- 
ciples enunciated  in  the  preceding  pages. 

The  new  matter  in  the  second  edition  greatly  increases  its  value  and  will 
add  much  to  its  usefulness,  both  as  a  text  book  and  a  working  tool. 

W.  L.  C. 

Electrical  Wiring  and  Coxstructiox  Tables.    By  Henry  C.  Horstmann  and 

Victor  H.  Tousle}'.     119  pages  with  index.    6  by  4^  in.;  flexible  leather. 

Price  $1.50. 

This  pocket  hand-book,  brought  out  by  two  electrical  inspectors  of  the 
city  of  Chicago,  has  decided  points  of  originality,  and  from  cover  to  cover 
seems  to  be  an  earnest  attempt  to  compile  the  tables  most  needed  by  practical 
men  who  are  not  familiar  with  higher  mathematics. 

One  of  its  novel  features  consists  in  a  clever  arrangement  of  ''Efficiency 
Numbers"  to  allow  for  the  varying  efficiency  of  motors,  without  obliging  the 
user  to  figure  percentages.  Another  is  a  table  for  quickly  estimating  the  total 
lengths  of  wire  needed  for  distributing  from  a  single  point  to  a  number  of  out- 
lets spaced  evenly.  This  table,  together  with  the  clear  diagrams  showing  the 
sizes  of  wires  which  can  be  drawn  through  conduits  of  various  sizes,  ought 
to  save  a  good  deal  of  time  for  those  figuring  work  under  Chicago  or  similar 
conditions.  The  dimensions  of  wires  and  conduits  are  also  given  quite  fully, 
as  are  the  sizes  of  wires  taken  by  different  dimensions  of  mouldings  and 
cleats,  but  curiously  enough  there  is  no  table  showing  the  sizes  of  porcelain 
tubes  required  for  the  different  wire  sizes. 

The  tables  for  both  alternating  and  direct  current  wire  are  largely  graph- 
ical, and  unfortunately  are  drawn  with  such  fine  lines  that  they  will  require 
very  sharp  eyes  as  soon  as  the  pages  become  slightly  soiled.  Those  for  the 
alternating  wiring  certainly  should  have  been  on  a  considerably  larger  scale 
to  insure  their  being  usable  for  any  length  of  time. 

One  whole  chapter  is  de.-oted  to  the  "Economy  of  Conductors,"  with  a 
view  to  utilizing  the  old  rule  that  the  most  economical  loss  in  distribution  is 
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that  at  which  the  annual  waste  of  energy  equals  the  interest  charged  on  the 
cost  of  line  construction  necessary  to  save  it.  Unfortunately,  the  authors 
have  nullified  the  benefit  of  this  chapter  by  not  distinguishing  between  the 
average  and  the  maxir,iiiiri  energy  loss.  The  rule  certainly  would  seem  to 
apply  only  to  the  average  loss,  and  the  average  current  very  rarely  equals 
the  maximum  for  which  the  safe  capacity  of  the  line  has  been  planned.  No 
distinction  has  been  made  between  the  two  in  this  chapter,  and  the  example 
given  is  worked  out  on  the  assumption  that  the  line  will  always  carry  the 
maximum  current,  which  means  a  result  considerably  different  to  that  im- 
plied by  the  average  current^  and  hence  the  average  energy  loss. 

The  miscellaneous  tables  have  unfortunately  been  limited  to  the  lamps 
controlled  by  the  Westinghouse  Company,  but  the  series  of  Standard  Symbols 
for  wiring  plans,  as  recently  adopted  by  the  National  Electrical  Contractors 
Association,  have  wisely  been  added.  In  a  number  of  cases  some  of  the  blank 
space  on  the  pages  could  have  been  used  to  advantage  for  a  clearer  explana- 
tion of  the  adjoining  tables,  which  may  otherwise  puzzle  some  of  the  prac- 
tical men  whom  this  volume  should  reach.  On  page  70,  the  formulae  for 
Ohm's  Law  are  the  old  ones  limited  to  direct  current  calculations,  which 
ought  to  be  stated;  or  better  still,  the  expanded  forms  should  also  be  given 
for  alternating  current  calculations. 

Excepting  for  these  shortcomings,  the  volume  is  unusuall}'  practical  and 
deserves  a  wide  distribution.  A.  S. 
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Fig-  25. 
A  Fery  Pyrometer  in  use. 
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Although  we  are,  perhaps,  apt  to  laugh  at  the  very  rough  meth- 
ods adopted  by  our  predecessors  for  the  measurement  of  tempera- 
ture, it  cannot  be  denied  that  the  accurate  measurement  of  tem- 
perature is  still  a  problem  of  considerable  difficulty.  Temperature 
is  not  a  measurable  quantity  in  the  strict  sense  of  the  term.  To 
measure  a  length  or  a  mass  is  to  count  how  many  times  it  is  neces- 
sary to  take  a  given  body  chosen  as  a  unit  (metre  or  gramme,  as 
the  case  may  be)  in  order  to  obtain  a  system  equivalent,  either  as 
to  length  or  mass,  of  the  body  in  question.  The  possibility  of  such 
a  measurement  assumes  the  existence  of  two  laws — that  of  equal- 
ity, and  that  of  addition.  Temperature  obeys  the  first  of  these 
laws.  Two  bodies  in  temperature  equilibrium  with  a  third  will 
also  be  in  equilibirium  with  each  other.  The  other  law  is  entirely 
lacking.  You  cannot  by  placing  together  several  bodies  at  one 
temperature,  realize  a  system  equivalent,  from  the  point  of  view 
of  exchange  of  heat,  to  a  body  at  a  different  temperature. 

Many  scales  of  temperature  have  been  proposed,  but  the  gas 
scale  is  the  one  now  universally  adopted,  and  readings  obtained  by 
any  type  of  thermometer — electrical,  expansion,  or  optical — are 
reduced  to  temperatures  on  the  gas  scale.  The  gas  scale  has  been 
adopted  as  the  standard  scale  of  temperature — firstly,  because  gas 
of  the  same  purity  can  be  reproduced  at  any  time;  secondly,  the 
dilatation  of  the  gas,  which  defines  the  scale  of  temperature,  is 
sufficient  for  accurate  measurement;  and,  thirdly,  the' scale  is  prac- 
tically identical  with  the  thermodynamic  scale.  ; 

Although  the  scale  of  the  gas  thermometer  has  become  the 
standard  of  reference,  yet,  fortunately,  we  are  not  compelled  to 
use  the  gas  thermometer  in  every-day  life.  We  do  not  employ  an 
elaborate  gas  thermometer,  with  its  adjuncts  of  telescopes,  micro- 
scopes, and  standard  barometer,  every  time  we  wish  to  measure  a 

169 


170 


IV hippie — Practical  Pyrometry. 


Fig.    I. 


Whipple— Practical  Pyromctry.  171 

temperature ;  but  we  use  a  thermometer  which  has  been  carefully 
standardised  at  certain  known  temperatures.  Fig.  i  illustrates  one 
of  the  gas  thermometers  in  use  at  the  Bureau  des  Arts  et  Metiers, 
Paris,  and  shows  clearly  that  the  instrument  is  rather  a  complicated 
piece  of  apparatus.  Dr.  Arthur  L.  Day  has  succeeded  in  eliminat- 
ing various  sources  of  error  which  have  previously  been  present 
in  these  thermometers,  and  I  think  that  perhaps  the  Carnegie  In- 
stitute at  W^'ashington  now  possesses  the  most  accurate  gas  ther- 
mometer in  the  world. 

Thermometers,  and  under  this  name  I  include  pyrometers,  are 
generally  standardised  by  means  of  fixed  points  of  fusion  and 
ebullition  determined  by  the  gas  thermometer. 

It  is,  perhaps,  for  this  very  reason  that  many  of  the  discrep- 
ancies in  high  temperature  thermometry  have  arisen.  The  actual 
precision  of  the  high  temperature  measurements  depends  on  the 
degree  of  accuracy  to  which  these  fixed  points  are  known.  It  has 
at  present  been  found  impossible  to  determine  many  of  these  di- 
rectly on  the  gas  thermometer,  as  even  the  platinum-iridium  bulb  of 
the  gas  thermometer  becomes  porous  at  extremely  high  tempera- 
tures. High  temperature  thermometry  is  badly  handicapped 
through  the  scarcity  of  materials  capable  of  being  made  into  a 
thermometer  bulb  and  of  standing  high  temperatures.  Platinum — 
the  great  stand-by — has  been  shown  by  Sainte-Claire-Deville  and 
others,  to  be  very  permeable  to  hydrogen — a  gas  which  is  gen- 
erally present  where  combustion  is  incomplete.  Fortunately,  plati- 
num, even  w^hen  red-hot,  is  practically  impervious  to  all  other 
gases ;  so  that  if  nitrogen  is  employed  as  the  gas  whose  volume 
we  are  measuring,  and  the  platinum  is  suitably  protected  from 
hydrogen,  accurate  observations  may  be  made.  Porcelain  must 
be  glazed  to  ensure  non-permeability,  and  the  glaze  cannot  be  con- 
sidered impermeable  above  iioo  deg.  Cent.  Water  vapour  passes 
comparatively  rapidly  through  unglazed  porcelain. 

In  passing,  one  cannot  help  being  struck  with  the  inter-depen- 
dence of  all  branches  of  scientific  work.  At  the  first  thought  it 
would  not  occur  to  one  that  the  accurate  determination  of  the 
value  of  the  metre  would  be  the  means  of  producing  the  most 
accurate  thermometry  the  world  has  seen;  yet  so  it  has  been.  To 
determine  the  length  of  a  standard  bar  it  is  essential  that  its  tem- 
perature should  be  known  accurately ;  to  measure  the  temperature 
accurately,  the  constants  of  the  thermometer  employed  must  be 
known  to  a  high  degree  of  precision,  and  these  can  only  be  ob- 
tained from  an  elaborate  system  of  comparators,  gas  thermom- 
eters, etc.  Thus  the  preliminary  work  on  the  measurement  of  the 
metre  produced  the  masterly  work  of  Dr.  Ch.  Guillaume  on  the 
mercury  thermometer  and  his  valuable  treatise  "Thermometrie  de 
Precision." 

I  cannot  here  enter  into  the  details  of  the  construction  and  work- 
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ing  of  a  gas-thermometer,  and  would  refer  those  who  are  especially 
interested  to  Dr.  Guillaume's  book  previously  mentioned,  or  to  Dr. 
Burgess'  translation  of  M.  Le  Chatelier's  book  "High  Temperature 
]\Ieasurements."*  I  must  acknowledge  my  indebtedness  to  the 
latter  book  for  some  of  the  facts  mentioned  in  this  paper. 
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6R0UP  OF  STANDARD  fYlERCURY  THERMOmETERS. 


As  previously  stated,  the  gas-thermometer,  although  invaluable 
from  the  strictly  scientific  point  of  view,  is  practically  useless  as  a 
tool  in  every-day  life.  It  will  be  well,  therefore,  to  summarize 
roughly  the  various  means  of  measuring  temperature  in  general 
use,  and  then  to  treat  these  methods  more  fully  in  detail  with 
their  particular  applications: 


*  Wiley  and  Sons,  New  York. 
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Type 

Range  in  Degrees 

Centigrade  over 

which  they  can 

be  used 

Expansion 

Those  depending  on  the 
change    in  volume  or 
length  of  a  body  with 
temperature. 

Gas 

Mercury ,  Jena  glass  and 
nitrogen 

Glass  and  spirit  or 
petrol    

Unequal    expansion   of 
metal  rods 

Contraction    of    porce- 
lain     

0°  to  1000° 

—40°  to  500° 

—200''  to+40° 

0'  to  500° 

0°  to  1800° 

Transpira- 
tion and 
Viscosity 

Those     depending    on 
the     flow     of      gases 
through    capillary 
tubes   or   small  aper- 
tures. 

The  Uehling 

0°  to  1600° 

Thermo- 
electric 

Those  depending  on  the 
electromotive    force 
developed  by  the  dif- 
ferencein  temperature 
of  two  similar  thermo- 
electric junctions  op- 
posed to  one  another. 

Galvanometric 

Potentiometric 

0°  to  1600° 
0°  to  1600° 

Electric 
Resistr  nee 

Those  utilizing  the  in- 
crease in  electric    re- 
sistance of  a  wire  with 
temperature. 

Direct  reading  on  Indi- 
cator  or  Bridge  and 
Galvanometer    

0°  to  1200° 
0°  to  1200° 

Radiation 


Optical 


Calorimetric 


Fusion 


Those  depending  on 
the  heat  radiated  by 
hot  bodies. 


Those  utilizing  the 
change  in  the  bright- 
ness or  in  the  wave- 
length of  the  light 
emitted  by  an  incan- 
descent body. 


Those  depending  on  the 
specific  heat  of  a  body 
raised  to  a  high  tem- 
perature. 


Those  depending  on  the 
unequal  fusibility  of 
various  metals  or 
earthenware  blocks 
of  varied  composition 


Thermo-couple  in  focus 
of  mirror 

Bolometer 

Photometric  Compari- 
son  

Incandescent  filament 
in  telescope 

Nicol  with  quartz  plate 
and  analyzer 


Copper     or     platinum 
ball  with  water  vessel 


Alloys  of    various  fu- 
sibilities  


0°  to  10,000° 
0°  to  10,000° 

0°  to  2000° 
0°  to  2000° 
0°  to  2000° 


0°  to  1500? 


0°  to  1980° 
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Dr.  Charles  Chree.  F.  R.  S..  in  some  valuable  "Notes  on  Ther- 
mometry," published  in  the  Philosophical  Magazine  for  March, 
1898,  makes  the  statement  that  "the  ideal  mercury  thermometer 
is  one  which  accommodates  itself  at  once  and  completely  to  the 
temperature  it  is  for  the  time  being  exposed  to,  and  which  when 
exposed  to  a  given  temperature,  supplies  an  invariable  reading." 

I  think  there  could  not  be  a  better  definition  of  what  is  required 
from  any  form  of  thermometer. 

ExPAXSiON  Thermometers. — Although  the  gas  thermometer  is 
essentially  an  expansion  instrument,  yet  the  mercury  in  glass 
thermometer  must  be  considered  as  the  expansion  instrument  par 
excellence.  Many  of  us  know  how  far  the  mercury  thermometer, 
as  generally  used,  falls  short  of  Dr.  Chree's  ideal,  but  I  think  few 
of  us  realise  how  near  Dr.  Guillaume  has  brought  us  to  that  ideal. 
It  is  now  possbile,  thanks  to  his  work,  to  measure  temperature 
with  a  mercury  theriiiometer,  to  an  accuracy  of  o.ooi  deg.  Cent. 

It  is  sad  to  think  how  far  we  in  America  and  Great  Britain  have 
been  behind  French  and  German  practice  in  the  construction  of 
accurate  mercury  thermometers ;  more  especially  when  it  is  borne 
in  mind  that  Kew  standards,  as  made  under  the  direction  of  Balfour 
Stewart  and  Welsh,  were  for  many  years  the  standards  of  the  world. 
I  can  only  account  for  it  by  the  fact  that  we  were  standing  still 
whilst  the  National  Physical  Laboratories  of  France  and  Germany 
were  developing  the  construction  and  materials  of  their  thermom- 
eters. This  reproach  has  now  been  removed,  and  you,  with  your 
Bureau  of  Standards  under  the  far-seeing  direction  of  Prof.  Strat- 
ton,  and  we,  with  our  National  Physical  Laboratory  under  Dr. 
Glazebrook,  are  doing  work  which  will  take  rank  with  that  of  the 
Continental   National  Lalx)ratories. 

There  is  no  necessity  for  me  to  explain  the  details  of  construc- 
tion of  a  mercury  thermometer  to  you.  Fig.  2  illustrates  a  group 
of  Standard  thermometers  capable  of  the  highest  precision  work. 
It  will  be  noticed  that  all  the  thermometers  have  the  two  funda- 
mental points  of  zero  and  100  deg.  cent,  engraved  upon  their 
stems  for  purposes  of  standardization.  The  enlargements  in  the 
capillary  bore  are  made  in  order  that  a  much  more  open  scale  of 
degrees  may  be  used  than  would  be  otherwise  possible ;  it  neces- 
sitates, however,  the  employment  of  several  thermometers  to  obtain 
the  complete  scale. 

Now  that  nitrogen  is  being  introduced  into  the  stem  of  the  ther- 
mometers above  the  mercury  they  may  be  used  up  to  temperatures 
as  high  as  500  Deg.  C.  Glass  thermometers  filled  with  petrol  may 
be  used  to  measure  temperatures  as  low  as  — 200  Deg.  C.  Fig.  3 
is  the  reproduction  of  a  record  of  air  temperature  obtained  with  a 
mercury  thermometer  and  recorded  automatically  on  a  sheet  of 
paper  mounted  on  a  clock-driven  drum.  The  thermometer  is  so 
mounted  that  with  a  change  of  temperature  the  position  of  a  style 
relatively  to  the  paper  is  altered,  these  alterations  being  automat- 


M'^ hippie — Practical  Pyrometry. 


175 


i 

^ 

f 

> 

^ 

. 

\ 

\ 

\ 

' 

/ 

/ 

— ^ 

— fe 

' — ^ 

( 

— ^ 

\ 

17(5  Whipple — Practical  Pyromctry. 

ically  recorded.  The  details  of  the  recording  mechanism  will  be 
explained  when  describing  the  thread-recorder  further  on  in  this 
paper. 

An  expansion  thermometer  of  general  interest  is  the  one  in  which 
temperature  is  measured  by  the  unequal  expansion  of  two  materials, 
such  as  steel  and  porcelain  or  graphite. 

A  graphite  rod  is  placed  at  the  bottom  of  a  closed  steel  tube,^  a 
small  steel  tube  being  connected  to  the  upper  end  of  the  graphite 
rod.  By  means  of  various  simple  mechanical  movements  the  dif- 
ferential expansion  of  the  two  rods  is  indicated  on  a  dial.  These 
thermometers  are  useful  up  to  temperatures  of  about  500  deg.  cent. 
but  cannot  be  relied  upon  for  measurements  of  an  accuracy  higher 
than  10  per  cent. 

Transpiration'  and  Viscosity. — The  Uchling  and  Steinhart 
thermometer  is  based  on  the  resistance  to  the  flow  of  gases  through 
two  apertures.  One  of  these  apertures  is  exposed  to  the  high 
temperature  to  be  measured  so  that  the  gas  after  entering  the 
aperture  has  obtained  this  temperature.  The  other  aperture  is 
maintained  at  a  constant  temperature,  generally  100  Deg.  C.  Air 
under  constant  head  is  drawn  through  the  tw^o  openings.  Two 
manometer  tubes  are  connected  to  the  chambers  into  which  the 
apertures  open  and  an  inverted  bell  jar  floating  in  mercury  records 
the  differences  in  pressure  between  them.  These  differences  in 
pressure  can  be  readily  converted  into  the  difference  in  tempera- 
ture between  the  gases  entering  the  two  apertures. 

Thermo-Electric. — T  now  come  to  what  I  may  call  the  third 
group,  the  thermo-electric  thermometers,  in  which  is  measured  the 
electromotive  force  developed  by  the  difference  in  temperature  of  two 
similar  thermo-electric  junctions  opposed  to  one  another.  Becquerel 
was,  as  far  as  is  known,  the  first  to  use  this  method  of  measuring 
high  temperatures  (1830).  He  used  a  platinum-palladium  couple. 
His  son,  Edmund  Becquerel,  was  the  first  to  realise  the  importance 
of  using  a  high  resistance  galvanometer  with  a  thermo-couple.  The 
electromotive  force  is  a  function  of  the  temperature,  and  as  it  is 
the  current  strength  that  is  measured,  it  is  important  that  the  re- 
sistance of  the  whole  circuit  should  be  as  nearly  as  possible  con- 
stant ;  that  is  to  say,  the  change  in  resistance  of  the  couple  itself 
should  be  small  as  compared  with  the  change  in  the  rest  of  the 
circuit.  For  some  time  the  thermo-electric  method  was  regarded 
with  suspicion,  Regnault  having  observed  such  irregularities  in 
the  couples  in  use  that  he  condemned  the  method  unreservedly. 

Chatelier  showed  that  very  few  combinations  of  wires  make  sat- 
isfactory couples.  Iron,  nickel,  palladium,  and  their  alloys  are 
absolutely  unsuited  for  the  measurement  of  high  temperatures, 
since  when  heated,  these  wires  give  rise  to  parasitical  currents 
which  may  be  relatively  intense.  He  found  that  platinum  and  its 
alloys  with  iridium  and  rhodium  are,  fortunately,  free  from  these 
faults.     Of  all  the  couples,  those  consisting  of  platinum  and  an 
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alloy  of  platinum  with  ten  per  cent  of  rhodium  are  the  most  durable 
for  use  at  extremely  high  temperatures.  On  the  other  hand,  a 
platinum  and  platinum  ten  per  cent  iridium  couple  gives  a  larger 
electromotive  force,  and  therefore  a  more  open  scale. 

Some  recent  works  by  Holborn  and  others*  have  shown  that 
the  change  (decrease)  in  the  e.  m.  f.  of  two  Pt.  and  Pt.  Ir.  (io% 
Ir.)  thermo-couples  due  to  glowing  at  iioo  deg.  cent,  for  eight  hours 
amounted  to  6%  and  14%,  while  the  change  (increase)  in  the 
e.  m.  f.  of  a  Pt.  and  Pt.  Rh.  (10%  Rh.)  thermo-couple,  exposed  to 
similar  conditions,  was  only  0.5%. 

Some  exceedingly  interesting  work  by  Dr.  W.  P.  White!  of 
the  Carnegie  Institute  shows  that  the  iridium  sublimes  slowly  at 
temperatures  above  1200  deg.  cent,  and  enters  and  contaminates  the 
platinum  side  of  the  thermo-element.  The  efifect  of  this  contami- 
nation is  to  make  the  element  read  too  low.  Iron  vapour  has  also 
been  shown  to  have  the  same  effect.  It  has  been  known  for  a  long 
while  that  unprotected  platinum,  when  exposed  to  furnace  gases 
deteriorated  rapidly,  but  this  deterioration  has  been  put  down  to 
the  action  of  the  furnace  gases  rather  than  to  the  volatile  metals. 
•I  feel  there  is  still  room  for  further  research  on  the  deterioration  of 
thermo-couples,  but  all  the  results  show  the  importance  of  protect- 
ing the  couples  with  glazed  porcelain  tubes. 

Two  methods  are  generally  employed  to  measure  the  electro- 
motive force  of  a  thermo-couple;  the  potentiouietric  or  the  method 
of  compensation,  and  the  galvanometric.  The  first  method  is  rather 
cumbrous  for  general  workshop  use,  but  it  is  undoubtedly  the  more 
accurate.  It  consists  in  balancing  the  e.  m.  f .  given  by  the  unequally 
heated  junctions  against  the  drop  of  potential  between  two  points 
in  a  circuit  produced  by  an  accumulator  or  other  steady  battery. 
A  cadmium  cell  is  arranged  for  reference  as  the  standard  of  e.  m.  f. 
This  method  has  the  advantage  of  avoiding  any  error  due  to  the 
resistance  of  the  thermo- junction  itself  or  the  leads  connecting  it 
to  the  potentiometer.  The  arrangement  of  the  apparatus  is  shown 
in  Fig.  4.  A  slide  wire  of  known  resistance  A.  B.  is  connected 
in  series  with  a  suitable  resistance  R  and  rheostat  K :  an  accumu- 
lator Ac  being  arranged  to  produce  a  steadv  current  through  the 
circuit.  One  terminal  of  the  galvanometer,  G,  is  connected  to  one 
end  of  the  slide  wire  and  the  other  G,  to  a  two-way  switch  S,  one 
contact  of  w^hich  is  connected  to  the  standard  cell,  C,  the  other  to 
the  thermo-couple,  T. 

The  current  in  the  circuit  is  adjusted  by  the  rheostat  until  there 
is  a  fall  of  potential,  say  30  millvolts,  along  the  slide  wire.'  The 
slide  wire  contact  is  then  shifted  until  a  balance  is  obtained,  when 
the  e.  m.  f.  of  the  thermo-couple  is  read  oft"  on  the  scale.  The 
scale  is  sometimes  arranged  to  read  directly  in  temperatures. 

*  Holborn  and  Henning — Sitzung  ber.  der  Konigl.  Preuss.  Akad.  d.  Wissensch. 
S.  936,  1992. 

t  Physical  Review.  December,  1906. 
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The  galvanomctric  method  is  simplicity  itself,  the  cold  ends  of  the 
thermo-couple  wires  being  connected  directly  to  the  galvanometer 
terminals.  If  the  resistance  of  the  circuit  is  constant,  the  deflec- 
tions will  be  proportional  to  the  electro-motive  force.  The  major- 
ity of  direct  reading  instruments  consist  of  a  sensitive  D'Arsonval 
galvanometer,  the  coil  of  which  either  carries  a  miror  reflecting  a 
spot  of  light  on  to  a  scale  or  a  boom  pointing  to  a  scale.  The 
galvanometer  scale  is  divided  in  millivolts  and  degrees  Centigrade ; 
fig.  5  shows  two  types  of  galvanometers  very  frequently  used  for 
this  purpose. 

The  advantages  of  the  galvanomctric  method  are  portability  and 
simplicity :  the  disadvantages,  closeness  of  scale,  and  the  fact  that 
an  error  is  introduced  by  the  variation  in  resistance  of  the  couple. 

The  potentiometric  method  has  the  advantages  of  an  open  scale, 
and  that  no  error  is  introduced  by  the  resistance  of  the  couple. 
The  only  serious  disadvantage  is  the  fact  that  the  apparatus  must 
be  worked  in  a  laboratory,  and  requires  a  trained  observer. 

A  simple  form  of  recorder  which  may  be  used  with  thermo- 
electric couples  is  one  to  which  the  name  ''Thread  Recorder"  has 
been  given.  In  it  the  galvanometer  pointer  A,  Fig.  6.  is  depressed 
every  minute  by  a  guillotine  D  on  to  an  inked  thread  G,  which  is 
forced  against  the  paper  wrapped  round  the  drum  C,  leaving  a 
small  ink  mark  behind  on  the  paper.  The  ink  on  the  thread  is 
renewed  by  means  of  a  simple  winding  mechanism.  This  method 
of  recording  gives  rectangular  co-ordinates  and  entirely  prevents 
the  blotting  or  smudging  of  the  record. 

The  clock-work  mechanism  can  be  made  to  depress  two  or  more 
galvanometer  booms  simultaneously,  the  various  galvanometers  be- 
ing connected  to  different  thermometers.  Fig.  y  illustrates  an  in- 
strument for  taking  four  records,  the  records  obtained  are  entirely 
independent  of  each  other  and  the  thermometers  may  be  working 
over  widely  different  ranges.  Fig.  8  is  a  reproduction  of  a  record 
obtained  with  a  platinum  and  platinum-rhodium  couple  used  in  con- 
junction with  a  thread  recorder ;  Fig.  9  is  interesting  as  a  record 
of  the  temperature  of  the  flue  of  a  small  furnace  obtained  with  an 
inexpensive  thermo-couple,  copper-constantin. 

Electric-Resistance  Thermometers. — The  electric-resistance 
thermometer  was  first  proposed  by  Sir  William  Siemens  in  the 
Bakerian  Lecture  of  1871,  and  it  immediately  came  into  general 
use  in  metallurgical  work.  Unfortunately,  it  was  found  that  the 
pyrometer  did  not  satisfy  the  fundamental  criterion  of  always  giving 
the  same  indication  at  the  same  temperature,  and  it  was  rather  se- 
verely condemned  by  a  committee  of  the  British  Association  in 
1874.  who  showed  that  these  changes  in  resistance  were  due  to 
chemical  alteration  in  the  platinum  and  defective  contacts  between 
the  fine  wire  of  the  coil  and  the  comparatively  heavy  conducting 
leads. 
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In  1886  Professor  Callendar  sho\ved'^=  that  if  the  platinum  is 
supported  on  a  mica  frame,  in  section  that  of  a  cross  with  equal 
arms,  there  is  perfect  insulation  without  any  cause  of  alteration. 
He  also  showed  that  all  joints  in  the  wires  should  be  made  bv 
fusion.  Metallic  solderings  are  volatile  and  attack  platinum,  and 
screw  joints  become  loose.  I  cannot  enter  into  a  description  of 
the  classical  work  of  Professor  Callendar  on  this  subject,  but  would 
refer  anyone  interested  to  a  paper  published  by  him  in  the  Philo- 
sophical Magazine,  February,  1899,  entitled  "Notes  on  Platinum 
Thermometry,""  which  gives  an  excellent  summary  of  his  work. 
The  results  of  his  researches — and  they  have  since  been  confirmed 
by  many  workers — show  that  the  platinum-resistance  thermometer, 
if  protected  from  strain  and  contamination,  is  practically  free  from 
zero  changes  over  a  range  of  o  to  1200  Deg.  C,  and  that  it  alwavs 
gives  the  same  indication  at  the  same  temperature.  He  also  showed 
that  different  platinum  wires  agreed  very  closely  in  giving  the 
same  value  of  any  temperature  on  the  platinum  scale,  although 
they  differed  consideraby  in  the  values  of  their  temperature  co- 
efficients. 

Professor  Callendar  pointed  out  that  if  Rq  denote  the  resistance 
of  the  spiral  of  a  particular  platinum  thermometer  at  o  deg.  and  R^ 
its  resistance  at  100  deg.,  we  may  establish  for  the  particular  wire 
a  temperature  scale,  which  w-e  may  call  the  scale  of  platinum  tem- 
peratures, such  that,  if  R  be  the  resistance  at  any  temperature  on 
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the  air  scale,  the  temperature  on  the  platinum  scale  will  be 
^ ^y.  lOO.     For  this   quantity  he  emplovs  the  symbol  pt,  its 

value  depending  on  the  sample  of  platinum  chosen.  •  In  order  to 
reduce  temperatures  on  the  platinum  scale  to  the  gas  scale,  it  is 
necessary  to  know  the  law  connecting  T  and  pt.  They  are,  of 
course,  identical  at  o  deg.  and  lOO  Deg.,  and  experiment  has  shown 
that  the  formula 

-  LV  100  /       100  J 

expresses  the  curve  of  the  relationship  between  them  in  other  parts 
of  the  scale.  The  value  of  A  depends  on  the  purity  of  the  platinum 
wire  used ;  it  can  be  obtained  from  observations  at  three  known 
temperatures.  A  table  of  corrections  is  used  to  convert  tempera- 
tures on  the  platinum  scale  to  those  on  the  gas  scale,  or  the  instru- 
ments used  with  the  thermometers  may  be  read  directly  on  the 
gas  scale. 

As  now  constructed  the  platinum  resistance  thermometer  consists 
of  a  fine  platinum  wire  wound  on  a  mica  frame  connected  by  means 
of  stout  copper  or  platinum  leads  to  terminals  in  the  head  of  the 
thermometer.  Two  similar  leads,  but  unconnected  to  the  coil,  pass 
through  the  whole  length  of  the  thermometer,  and  act  as  compen- 
sating leads.  By  this  means  no  error  is  introduced  by  the  varia- 
tion of  the  temperature  of  the  wires  connecting  the  thermometer 
wdth  the  indicator  or  recorder.  The  diagram,  Fig.  lo.  explains 
the  general  arrangement  for  the  use  of  Callendar  and  Griffiths' 
resistance  thermometer.     The  thermometer  coil  forms  one  arm.  of 
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the  bridge,  whilst  the  compensating  leads  and  the  balancing  coils 
form  the  opposite  arm ;  a  pair  of  equal  ratio  arms  are  generally 
used.  The  resistance  of  the  thermometer  varies  with  the  tempera- 
ture, the  resistance  of  bridge-coils  and  bridge-wire  being  adjusted 
so  that  no  current  passes  through  the  galvanometer  at  the  moment 
of  taking  the  temperature.  The  coils  and  bridge-wire  have  been 
calibrated  in  terms  of  temperature. 

If  temperature  measurements  are  to  be  made  with  a  resistance 
thermometer  to  a  high  degree  of  accuracy,  a  specially  designed 
Wheatstone  bridge  and  a  sensitive  galvanometer  must  be  employed. 
This  arrangement,  however,  is  too, cumbrous  for  general  commer- 
cial use,  and  I  have  designed  a  bridge,*  Fig.  ii,  which  is  a  modi- 
fication of  one  invented  by  Professor  Callendar  and  Principal  Grif- 
fiths, in  which  the  temperature  values  are  read  directly  in  degrees 
Centigrade,  and  rapidly-varying  temperatures  may  be  followed. 
The  instrument  is  especially  useful  for  measuring  the  temperatures 
of  boiler  flues,  general  testing  and  annealing  work,  etc. 

Dr.  Edwin  F.  Northrup  has  designed  an  ingenious  instrument 
which  he  calls  a  ratio  meter  in  which  the  temperature  measurements 
are  made  directly  on  a  scale,  no  manipulative  action  being  required 
on  the  part  of  the  observer! 

In  Fig.  12  is  shown  the  method  of  connecting  an  indicator  in 
turn,  by  means  of  a  switchboard,  with  a  large  number  of  ther- 
mometers distributed  throughout  a  cold  storage  warehouse. 

The  construction  of  some  typical  resistance  thermometers  is 
shown  in  Fig.  13.  The  platinum  resistance  coil  is  seen  at  the  bottom 
of  the  porcelain  or  steel  tube,  the  coil  being  connected  to  the  stouter 
platinum  leads.    In  the  annealing  furnace  type  of  thermometer  (the 


*  Engineering,  May  i6th,  1902.   Vol.  LXXIII.,  p.  645. 

f  Northrup,  E.  W.,  Proc.  American  Inst.  Elect.  Engineers,  1906,  p.  241. 
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thermometer  on  the  right,  Fig.  13)  the  porcelain  tube  is  protected 
by  an  easily  renewable  heavy  steel  sheath. 

Professor  H.  L.  Callendar  has  designed  a  recording  instrument 
for  use  with  resistance  thermometers.  It  consists  of  a  Wheatstone 
bridge  in  which  the  movement  of  the  slider  along  the  bridge-wire 
is  automatically  effected  by  delicate  relays  worked  by  the  current 
passing  through  the  galvanometer  between  the  bridge  arms.  Ac- 
cording as  the  moving  coil  of  this  galvanometer  is  deflected  in  one 
direction  or  the  other,  a  relay  circuit  is  connected  through  one 
or  other  of  two  electro-magnets.  Each  of  these  magnets  is  mounted 
on  a  clock,  the  movement  of  which  is  prevented  by  a  brake.  When 
the  current  energises  a  magnet,  this  brake  is  lifted,  allowing  the 


Fig.  12. 


186 


Whipple — Practical  Pyrometry. 


clockwork  to  revolve.  The  clocks  are  connected  by  differential 
gearing  with  a  recording  pen,  which  is  pulled  in  one  direction  or 
the  other,  according  as  the  brake  is  lifted  from  the  corresponding 
clock.  The  bridge  slider  moves  with  the  pen  and  tends  to  restore 
balance. 

In  Fig.  14  is  illustrated  the  latest  commercial  form  of  the  re- 
corder; Fig.  15  showing  the  electrical  connections. 

The  uses  to  which  a  satisfactory  recorder  can  be  put  are  almost 
innumerable.  In  Fig.  16  two  recalescent  curves  are  produced;  one 
record  (A)  being  characteristic  of  a  mild  grade  of  steel  (0.35  per 
cent  carbon),  the  other  (B)  of  a  finer  steel.    A  comparison  shows 
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clearly  the  value  of  such  records  in  discriminating  between  different 
qualities  of  steel. 

On  every  hand  we  hear  of  the  "heat  treatment"  of  steel,  and 
anyone  who  has  had  to  do  with  annealing  knows  the  difficulty 
of  maintaining  the  ovens  or  furnaces  at  a  constant  tempera- 
ture. The  fireman  will  go  to  sleep,  and  will  swear  that  he 
was  awake  the  whole  night  through,  and  in  many  cases  will  aver 
still  more  strongly  that  the  correct  temperature  was  maintained  all 
the  time,  the  master  only  learning  a  few  days  later  from  the  tests 


Fig.  14. 
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on  the  material  how  badly  the  furnace  had  been  fired.  The  record, 
Fig.  17,  has  been  kindly  given  by  a  firm  who  employ  several  of 
these  recorders,  and  it  explains  how  they  have  overcome  the  dif- 
ficulty. The  difference  in  the  firing  between  the  two  men — the  old 
experienced  hand  and  the  new  man,  who  fires  more  frequently — is 
very  striking. 

Resistance  thermometers  can  be  placed  at  a  considerable  distance 
from  the  reading  instrument  and  for  this  reason  they  have  been 
found  useful  for  measuring  temperatures  of  the  soil  and  the  tem- 
perature of  cold  stores. 

I  will  now  give  some  instances  where  resistance  thermometers 
are  being  used  for  more  strictly  scientific  work.  The  first  case  is, 
perhaps,  one  of  the  most  important.  Messrs.  Heycock  and  Neville, 
whose  work  on  the  determination  of  the  melting-points  of  metals 
is  so  well  known,  have  recently  been  investigating  the  behaviour 
of  the  copper-tin  alloys.*  This  important  research  in  which 
many  different  alloys  were  included  was  carried  out  by  means  of 
these  thermometers,  and  a  Callendar  electric  recorder.  Fig.  18  is 
reproduced  from  this  paper  and  shows  clearly  the  marked  influence 
in  the  freezing  point  of  the  alloy  made  by  slightly  altering  its  com- 
position. 

The  next  example  will  show  how  extremely  small  a  resistance 
thermometer  may  be  made.  The  illustration,  Fig.  19,  is  taken  from 
Callendar  and  Nicholson's  paper  on  the  "Law  of  Condensation  of 
Steam. "t  The  thermometer  was  fixed  in  the  piston-rod  of  a 
steam-engine,  and  its  temperature  read  by  means  of  a  cycle  con- 
tact-maker, bridge,  and  galvanometer.  A  record  obtained  with  a 
similar  thermometer  inserted  in  the  cylinder  cover  is  reproduced 
in  Fig.  20.  The  most  striking  feature  of  the  curve  is  the  great 
superheating  shown  at  the  end  of  the  compression. 

Professor  Howard  T.  Barnes  has  published  some  exceedingly 
interesting  results  of  temperature  measurements  made  with  re- 
sistance thermometers  in  the  St.  Lawrence  River. J  His  meas- 
urements were  made  with  a  pair  of  differential  thermometers  and 
the  values  obtained  could  be  relied  upon  to  0.000 1  Deg.  C. 

The  observations  obtained  were  the  means  of  satisfactorily  ex- 
plaining the  formation  of  Anchor  Ice.  In  the  same  paper  Dr. 
Barnes  mentions  the  fact  that  he  is  "successfully  operating  a  ther- 
mometer placed  nearly  a  mile  away  from  the  place  of  observation." 

Heat  Radiation  and  Optical  Thermometers. — Many  workers 
have  endeavoured  to  evolve  a  pyrometer  that  would  measure  the 
temperature  of  a  source  of  heat  without  the  necessity  of  inserting 

*Heycock  &  Neville.  Bakerian  Lecture  "On  the  Constitution  of  the  Copper  Tin 
Series  of  Alloys."  Phil.    Trans.  Roy.  Soc.  Lond.  A.  Vol.  202,  1903. 

t  Proc.  Civil  Engineers,  London.  Vol.  CXXXL,  page  23. 

X  H.  T.  Barnes,  "Formation  of  Anchor  Ice  and  Precise  Temperature  Measure- 
ments." Trans.  American  Soc.  Meek.  Eng.  XXVI.  p.  558. 
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a  "poker,"  as  I  believe  you,  on  this  side  of  the  water,  call  the  ordi- 
nary pyrometer. 

Taking  optical  pyrometers  first,  I  think  that  on  the  whole  the 
so-called  absorption  one  invented  by  Professor  C.  Fery  is  the  most 
successful.  It  is  an  improved  form  of  the  original  optical  Pyrometer 
of  Le  Chatelier  and  has  been  found  useful  for  measuring  the  tem- 
perature of  incandescent  filaments  and  other  extremely  hot  but 
small  bodies. 

It  consists  essentially  of  a  telescope,  D,  B,  Fig.  21,  which  carries 
a  small  comparison-lamp  (E)  attached  laterally.  "The  image  of  the 
flame  of  this  lamp  is  projected  on  a  miror  (F)  at  45  Deg.  placed 
at  the  principal  focus  of  the  telescope,  the  mirror  being  silvered 
only  over  a  narrow  vertical  strip  (a,  b,  Fig.  21a).  The  telescope  is 


Section  of  Piston  showing  Platinum  Thermosieter. 
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focussed  on  the  object  tlie  temperature  of  which  it  is  desired  to 
measure,  the  object  being  viewed  on  either  side  of  the  silvered 
strip.  A  pair  of  absorbing-glass  wedges  (C  and  CJ  are  placed 
in  front  of  the  objective  of  the  telescope  and  these  wedges  are 
moved  laterally  by  means  of  a  micrometer  screw  until  the  light 
from  the  object  under  observation  is  made  photometrically  equal 
to  that  emitted  by  the  standard  lamp.  An  auxiliary  dark  glass  (D) 
is  also  fitted  to  enable  the  instrument  to  work  over  a  higher  range 
of  temperature.  A  table  provided  with  the  instrument  converts 
the  readings  obtained  by  the  scale  and  micrometer  into  degrees 
Centigrade.  Fig.  21a  shows  the  telescope  focussed  on  a  small 
crucible,  the  narrow  silvered  vertical  strip  being  clearly  shown. 
The  instrument  designed  by  Professor  Wanner  has  also  been  suc- 
cessful. Instead  of  using  monochromatic  light  as  in  the  case  of 
the  Fery  and  Chatelier  Optical  Pyrometer,  the  light  is  spread  out 
into  a  spectrum  by  a  direct  vision  spectroscope,  and  a  small  region 
in  the  red  is  used,  Fig.  22.  The  working  standard  source  of  light 
is  a  small  incandescent  lamp.  The  method  of  reducing  the  two 
fields  of  light  from  the  hot  body  and  the  electric  light  respectively 
to  the  same  intensity,  is  first  to  polarise  them  in  planes  at  right 
angles  to  each  other,  and  then  the  intensity  of  each  can  be  varied 
by  viewing  them  through  a  Nicol's  prism,  which  can  be  rotated. 
This  angular  rotation  of  the  Nicol  is  then  a  measure  of  the  intensity 
of  the  light,  and  therefore  of  the  temperature.  The  incandescent 
lamp  can  be  standardised  against  an  amyl-acetate  flame.  Owing 
to  the  loss  of  light  in  the  optical  system  of  the  pyrometer,  the 
lower  limit  of  temperature  measurement  is  about  900  deg.  cent. 

In  Mesure  and  Nouel's  Pyrometer  Telescope  an  attempt  is  made 
to  control  temperatures  by  taking  advantage  of  the  rotation  of  the 
plane  of  polarization  of  light  passing  through  a  quartz  plate  cut 
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perpendicular  to  its  axis.  The  angle  of  rotation  is  directly  propor- 
tional to  the  thickness  of  the  quartz,  and  approximately  inversely 
proportional  to  the  square  of  the  wave  length.  In  general  the 
field  of  view  will  be  coloured,  and  by  turning  the  analyzer,  the 
colour  observed  w'ill  change  because  the  light,  all  polarized  in  the 
same  plane,  emerging  from  the  first  Xicol  is  polarized  by  the 
quartz  in  various  planes  depending  on  the  wave  length,  so  that 
the  angle  between  the  two  "Nicols"  determines  the  colour  that 
will  be  seen.  This  instrument  has  the  advantage  over  others  that 
it  has  no  auxiliary  apparatus,  but  it  lacks  sensibility. 

An  ingenious  optical  pyrometer  has  been  designed  by  Holborn 
and  Kurlbaum,  w'orking  at  the  Physikalische-Technische  Reichsan- 
stalt.  An  incandescent  filament,  L.  Fig.  23,  is  placed  in  the  focus 
of  the  eye-piece  of  a  telescope,  and  by  means  of  an  object-glass  an 
image  of  the  source  of  heat  is  thrown  into  the  same  plane.  The 
current  passing  through  the  filament  is  regulated  by  means  of  a 
rheostat  until  the  filament  is  no  longer  visible  on  the  image  of  the 
source  of  heat,  when  both  sources  of  light  will  have  the  same 
intensitv. 


F/e.  ^3. 

P/A6f?AIY]MA  T/C  A/?;?AN65/nENT  Of  HOLBORN-KURL 
BAUM  OPTICAL  PYROMETER. 

The  Morse  gauge  is  a  simplified  form  of  the  same  thermometer. 

The  most  successful  radiation  pyrometer  is  that  invented  by 
Professor  C.  Fery  of  the  ''Ecole  de  Physique  et  de  Chimie,"  Paris. 
The  radiation  which  emanates  from  a  hot  body,  or  which  passes  out 
through  an  observation  hole  in  the  wall  of  a  furnace,  falls  upon 
a  concave  mirror,  M.  Fig.  24,  and  is  thus  brought  to  a  focus.  In 
this  focus  is  a  thermo-electric  couple,  D,  whose  temperature  is 
raised  by  the  radiation  falling  upon  it;  the  hotter  the  furnace,  the 
greater  the  rise  in  the  temperature  of  the  couple. 
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The  electro-motive  force  generated  by  the  couple  actuates  a  sen- 
sitive galvanometer,  the  scale  of  which  is  based  upon  the  Stefan- 
Boltzman  radiation  law  which  expresses  the  relation  between  the 
temperature  of  a  body  and  the  amount  of  radiant  energy  which 
it  emits,  viz. :  that  "The  radiant  energy  emitted  by  a  black  body 
is  proportional  to  the  fourth  power  of  the  absolute  temperature 
of  the  body." 

The  arrangement  of  the  instruments  is  such  that  they  are  un- 
influenced, within  wide  limits,  b}'  the  size  of  the  hot  body  or  ob- 
servation hole  on  the  one  hand,  or  on  the  other  by  the  distance 
which  separates  them  from  the  hot  body  or  furnace.  Fig.  25 
(frontispiece)  illustrates  the  method  of  measuring  a  temperature 
by  means  of  this  pyrometer ;  the  observer  is  shown  focusing  the 
pyrometer  on  a  source  of  heat.  The  thread-recorder  previously 
described  may  be  used  in  conjunction  with  the  pyrometer,  some 
interesting  records  having  been  obtained  in  this  way.  Fig.  26  is 
a  reproduction  of  a  record  of  the  temperature  of  a  steel  annealing 
furnace  and  Fig.  27  of  the  temperature  of  a  Pottery  "Biscuit" 
kiln.  These  records  are  especially  interesting  when  it  is  consid- 
ered that  no  part  of  the  instrument  was  inserted  into  the  source 
of  heat. 

Professor  Langley  designed  a  radiometric  apparatus  under  the 
name  of  a  bolometer,  which  has  since  been  largely  developed  by 
Professor  Callendar  for  measuring  heat  radiations,  more  partic- 
ularly solar  radiations.  It  consists  of  a  differential  pair  of  fiat 
platinum  thermometers,  one  blackened  and  the  other  bright,  placed 
side  by  side  in  the  same  horizontal  plane  in  a  hermetically  sealed 
glass  vessel.  -  The  difference  of  temperature  between  the  two, 
which  is  automatically  recorded  on  a  Callendar  Electric  Recorder, 
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is  approximately  a  measure  of  the  intensity  of  the  vertical  com- 
ponent of  the  radiation  to  which  they  are  exposed.  It  has  already 
been  shown  with  these  instruments,  that  the  heat  received  by  reflec- 
tion from  the  sky  under  certain  conditions  may  amount  to  more  than 
40  per  cent  of  the  whole  vertical  component.  The  records  have 
also  shown  what  a  large  proportion  the  negative  radiation  bears 
to  the  amount  of  radiation  falling  on  the  earth  during  the  day. 
The  radiation  is  continually  varying  throughout  the  whole  night. 

These  instruments  have  also  been  successfully  employed  to  meas- 
ure boiler  radiation,  more  especially  to  compare  the  relative  effi- 
ciency of  various  boiler  laggings. 

Calometric. — The  Siemens  water  calorimeter  is  so  well  known 
that  there  is  no  necessity  to  describe  it  in  detail.  A  ball  of  copper, 
iron,  or  platinum  of  known  weight  is  exposed  to  the  heat  of  a  fur- 
nace, and  is  then  transferred  to  a  vessel  containing  a  measured 
quantity  of  water  at  a  known  temperature.  It  can  readily  be  seen 
that,  knowing  the  rise  in  the  temperature  of  the  water,  owing  to  the 
insertion  of  the  hot  body,  and  the  specific  heat  of  the  metal  ball 
employed,  the  temperature  of  the  furnace  can  be  deduced. 

Fusion  Thermometers — Reference  must  be  made  to  the  ex- 
cellent work  of  Seger  in  producing  a  series  of  cones  melting  at 
various  temperatures  by  varying  mixtures  of  quartz,  sand,  felspar, 
etc.,  and  to  the  work  of  Mr.  Henry  Watkin  in  the  same  direction. 
I  should  also  like  to  draw  attention  to  an  ingenious  device  invented 
by  Messrs.  E.  H.  Griffiths  and  W.  C.  D.  Wetham.  An  iron  rod 
is  held  rigidly  in  a  steel  tube  by  means  of  an  alloy  melting  at  any 
given  temperature.    The  rod  is  free  to  rotate  as  soon  as  the  alloy 
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is  melted,  and  can  be  made  to  ring-  an  alarm  either  mechanically 
or  electrically  or  to  shut  off  gas,  steam,  etc.  By  a  simple  con- 
trivance it  can  easily  be  reset  for  another  experiment. 

I  feel  that  I  have  only  touched  on  the  fringe  of  thermometry 
and  its  many  applications.  The  number  of  these  applications  must 
increase  as  the  demand  for  scientific  accuracy  increases  in  all  our 
large  industries. 

The  thanks  of  the  Society  and  of  Mr.  Whipple  are  tendered  the  Armour  Insti- 
tute of  Technology  and  to  Professors  Gebhardt  and  Bumham  for  apparatus  loaned 
for  this  lecture,  and  for  assistance  rendered. 

Discussion 

Mr.  W.  C.  Robinson — I  would  like  to  ask  in  regard  to  the  dur- 
ability of  the  porcelain  tubes  in  the  platinum-rhodium  Pyrometer 
when  subjected  to  fire.  We  have  used  quite  a  number  and  find  that 
they  last  only  about  one  day.  As  they  cost  about  seven  or  eight 
dollars  apiece,  their  very  short  life  makes  them  exceedingly  expen- 
sive, and  I  am  wondering  whether  a  tube  is  not  now  made  that  will 
prove  more  durable.  I  am  speaking-  of  the  closed  end  of  the  porce- 
lain tube.  The  temperature  was  from  i,ooo  to  2,000  deg.  Fahr. 
The  tube  is  about  18  inches  in  length.  I  refer  to  the  outside  tube, 
inclosing  the  smaller  tubes,  around  the  wires  themselves.  The 
outer  tube  breaks  oft'  at  the  curved  end,  which  exposes  the  couple 
to  the  gas  of  the  furnace. 

Mr.  Whipple — Could  you  not  put  a  steel  tube  around  the  porce- 
lain tube? 

Mr.  Robinson — We  have  tried  that  method,  but  have  been  criti- 
cised for  doing  it. 

Mr.  Whipple — It  takes  off  a  good  deal  of  the  shock  of  sudden 
heating  and  cooling. 

Mr.  Robinson — ^We  are  very  careful  in  taking  them  out.  We 
calibrate  a  large  furnace  by  the  use  of  the  platinum-rhodium  ele- 
ments, and  use  for  practical  purposes  a  water  coil ;  having  a  clean 
fire  we  take  the  temperature  of  the  inlet  and  outlet.  The  rising- 
temperature,  having  calibrated  it,  will  give  us  an  indication  of  the 
heat  in  the  furnace.     We  are  using  that  now  with  some  success. 

Mr.  Whipple — I  think  it  is  worth  trying,  wherever  you  can,  to  put 
the  iron  sheath  on. 

Mr.  Robinson — In  some  cases  we  have  wound  the  wires  with 
asbestos  and  dropped  the  whole  thing  into  ^-inch  gas  pipe  capped; 
of  course  there  is  a  lag ;  but  that  method  has  been  criticised  owing- 
to  the  statement  that  platinum-rhodium  would  disintegrate  and 
change  the  e.  m.  f.  from  the  force  generated. 

Mr.  Whipple — I  should  not  think  that  would  be  a  good 
method.  The  cap  is  hardly  likely  to  be  gas  tight  and  asbestos  ap- 
pears to  have  a  harmful  action  on  platinum.  We  are  now  experi- 
menting with  some  quartz  tubes,  and  the  idea  looks  very  encour- 
aging. 
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A  Visitor — I  would  like  to  ask  if  there  is  a  possibility  of  the 
Pyrometer  being  modified  so  that  an  ordinary  recording  instrument 
of  less  sensibility  can  be  used  with  it,  using  heavier  current  ?  Those 
thread  recorders  are  rather  delicate  to  take  into  a  shop,  and  the  idea 
would  be  to  use  a  recorder  such  as  is  used  for  voltmeter  w^ork,  in 
which  the  needle  rests  on  the  battery  all  the  time. 

Mr.  Whipple — We  have  been  considering  methods  for  making  a 
simplified  form  of  recording  resistance  thermometer  but  it  is  not  an 
easy  problem.  The  Thread  Recorders  have  been  found  to  work  very 
satisfactorily  even  in  positions  where  they  were  severely  handicapped 
with  dust  and  vibration. 

President  Arnold^CovXd  you  not  take  an  ordinary  Pyrometer 
and  dial  and  provide  the  dial  with  a  graduated  disc  as  in  voltmeter 
practice,  and  let  the  needle  carry  an  indicating  pen  point?  It  may 
be  that  there  is  not  sufficient  strength  to  operate  the  needle  and 
overcome  the  resistance  of  the  pen  when  traveling  on  the  paper 
disc. 

Mr.  Whipple — No  there  is  not  strength  enough.  That  is  the  dif- 
ficulty;  all  the  electrical  forces  are  so  small. 

Mr.  McMcen — The  author  has  indicated  in  his  paper  that  the  dis- 
tance of  the  radiation  pyrometer  from  the  heat  is  of  little  importance. 
Does  it  make  a  difference  what  distance  exists  between  the  furnace 
and  telescope,  and  if  not,  why? 

Mr.  ]V  hip  pie — That  is  difficult  to  explain.  Suppose  you  take  the 
temperature  of  a  very  big  hot  body — suppose  it  was  infinitely  large — 
then  you  could  go  back  an  infinite  distance,  but  as  your  body  gets 
smaller,  you  have  to  come  nearer  and  nearer,  but  as  long  as  the  heat 
rays  falling  on  the  instrument  entirely  fill  the  mirror  and  the  image 
of  the  hot  body  covers  the  couple,  then  you  are  independent  of  the 
distance.  The  image  of  the  hot  body  overlaps  the  thermo- junction 
on  all  sides,  so  that  where  the  hot  body  is  approached  more  nearly, 
thus  increasing  the  size  of  the  image  produced,  the  only  effect  is  to 
increase  the  amount  of  overlapping,  while  the  thermo- junction  re- 
ceives no  more  radiation  than  before. 

In  practice  you  ought  to  have  a  hot  body  at  least  3  inches  in  diam- 
eter to  begin  with,  and  then  increase  it  by  an  inch  for  every  foot 
you  get  away  from  it ;  so  that  if  you  are  looking  at  a  hot  body  about 
two  yards  distant  the  hot  surface  should  be  at  least  six  inches  in 
diameter. 

Mr.  McMeen — I  would  ask,  from  the  standpoint  of  the  layman, 
what  relation  there  is  between  the  Fery  Pyrometer,  and  the  so- 
called  optical  Pyrometer. 

Mr.  Whipple — The  Fery  instrument  is  a  radiation  Pyrometer. 
With  it  you  can  take  the  temperature  of  a  non-luminous  body.  If 
you  had  a  sensitive  galvanometer  you  could  take  the  temperature  of 
boiling  water ;  by  observing  the  radiation  coming  from  the  water. 
The  majority  of  optical-pyrometers  are  really  photometers,  in  which 
you  compare  either  the  luminosity  or  spectra  of  the  hot  body  against 
that  of  a  standard  source  of  light.     In  all  these  forms  the  tempera- 
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ture  observation  depends  largely  on  rhe  color  judgment  of  the  ob- 
server. 

The  only  other  satisfactory  radiation  instruments  that  I  know  of 
are  the  Langley  bolometer,  the  radiometer,  and  the  radio-microm- 
eter designed  by  Prof.  C.  V.  Boys.  In  the  latter  you  have  a  very 
fine  loop  of  wire  hung  in  a  magnetic  field,  a  small  thermo-couple 
being  attached  to  the  ends  of  the  loop,  the  thermo-couple  support- 
ing a  small  blackened  disc.  The  heat  is  received  on  the  disc,  and  the 
current  generated,  deflects  the  wire  loop.  The  w^hole  arrangement 
is  so  sensitive  that  you  can  detect  the  heat  of  a  candle  i,ooo  feet  off. 

Mr.  J.  H.  Warder — Would  the  Fery  Pyrometer  be  applicable  to 
a  steel  furnace  where  they  are  pouring  out  a  great  amount  of  melted 
steel?  Can  you  get  the  radiation  from  that?  It  is  often  well  to 
know  what  is  the  difference  in  temperature  between  different  casts 
of  metal,  or  know  that  the  temperature  of  a  cast  of  metaFbe  not  too 
high  or  too  low. 

Mr.  Whipple — Yes,  that  is  an  important  application.  It  has  been 
shown  that  the  strength  of  a  steel  casting  largely  depends  on  the 
temperature  at  which  it  was  poured. 

Mr.  Warder — How  are  those  variations  of  the  index  of  the  m- 
strument  converted  into  degrees  of  temperature? 

Mr.  Whipple — The  radiation  which  passes  through  an  observa- 
tion hole  in  the  wall  of  a  furnace,  for  instance,  falls  upon  the  con- 
cave mirror  in  the  telescope  and  is  thus  brought  to  a  focus.  In  this 
focus  is  a  thermo-electric  couple,  whose  temperature  is  raised  by  the 
radiation  falling  upon  it;  the  hotter  the  furnace,  the  greater  the  rise 
in  temperature  of  the  couple.  The  electro-motive  force  generated 
by  the  couple  is  measured  by  a  sensitive  galvanometer.  In  practice 
the  pyrometer  is  standardized  by  means  of  an  electric  resistance 
furnace.  A  small  diaphragm  is  placed  in  the  center  of  the  furnace 
and  its  temperature  is  observed  either  by  a  standardized  Fery  Py- 
rometer or  by  a  thermo-electric  couple.  The  fusing  point  of  a  small 
piece  of  sheet  silver  is  a  valuable  standardizing  point.  The  gradu- 
ation of  the  galvanometer  scale  is  based  on  the  Stefan-Boltzmann 
radiation  law  which  expresses  the  relation  between  the  temperature 
of  a  body  and  the  amount  of  radiant  energy  which  it  emits.  The 
law  is  as  follows :  "The  radiant  energy  emitted  by  a  black  body  is 
proportional  to  the  fourth  power  of  the  absolute  temperature  of  the 
body."  Thus  knowing  the  reading  on  the  galvanometer  scale  for 
one  temperature  it  is  possible  to  calculate  temperatures  corre- 
sponding to  any  other  readings  on  the  galvanometer  scale.  .  In 
practice  the  galvanometer  scale  is  divided  in  milli-volts  and  tem- 
peratures. 

Mr.  McMeen — W'hat  are  the  relative  upper  limits  of  various 
Pyrometers  ? 

Mr.  Whipple — The  I-"ery  radiation  Pyrometer,  theoretically,  has 
no  limits.  The  others  have.  The  limit  of  thermo-couple  is  i,6oo 
deg.  cent.;  the  limit  of  resistance  thermometer  is   1,200  deg.  cent. 
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It  is  difficult  to  find  a  protecting  tube  that  will  stand  more  than  i,6oo 
deg.  cent. 

Mr.  McMccn — Ycu  say  there  i>  no  sucli  maximum  restriction  in 
the  case  of  the. radiation  Pyrometer? 

Mr.  Uliipplc — Xo,  there  is  no  maximum  lin.it. 


CORRECTION 

In  the  paper  on  Swing  Bridges  in  February 
issue  on  page  28,  discussion  by  Mr.  C.  F.  Loweth, 
first  and  second  lines  should  read  ''  It  is  possible 
to  make  satisfactory  swing  bridges."  Please  note 
and  make  change  in  your  copy  of  the  Journal. 


VIBRATIONS  IN  PASSENGER  TRAINS  FROM  HIGH  SPEED  ELECTRIC 
LIGHTING  ENGINES. 

F.  W.  HUELS. 

Presented  December  19,  1906. 

The  vibrations  in  passenger  trains  caused  by  the  reciprocating 
action  of  the  high  speed  engine  of  the  electric  generating  sets  con- 
stitutes one  of  the  principal  objections  to  their  use.  These  engines 
produce  vibrations  that  are  sometimes  of  considerable  magnitude 
owing  to  lack  of  perfect  balance  of  the  reciprocating  parts.  The 
vibrations  are  transmitted  back  into  the  train,  since  the  whole  train 
is  elastic.  Thus  a  source  of  annoyance  to  the  passengers  is  created 
which  railways  would  be  glad  to  get  rid  of,  and  steam  turbines  are 
now  replacing  reciprocating  engines  in  the  train  lighting  field  be- 
cause they  have  the  advantage  of  no  vibration. 

It  is  interesting  and  of  some  importance  to  know  something  about 
the  magnitude  and  character  of  these  vibrations.  So  far  as  is  known 
to  the  writer,  no  attempt  has  been  made,  heretofore,  to  make  meas- 
urements of  them.  In  the  following  pages  the  results  of  tests  of  this 
kind  are  presented. 

METHOD    OF    LOCATING    GENERATING    SETS    AS    ADOPTED    BY    VARIOUS 

ROADS. 

In  Plate  i  is  shown  the  method  of  locating  the  generating  set  as 
adopted  by  the  Chicago,  Milwaukee  and  St.  Paul  Railway  Com- 
pany. Here  the  engine  is  placed  crosswise  in  the  baggage  car  and 
as  close  to  the  locomotive  as  possible.  This  location  is  at  a  point 
about  three  feet  ahead  of  the  forward  king  bolt.  It  is  claimed  that 
in  this  way  the  piping  between  the  locomotive  and  the  lighting  en- 
gine is  reduced  to  a  minimum  length,  thereby  reducing  'the  con- 
densation of  steam  in  the  pipe  to  a  minimum. 

The  Chicago  and  Northwestern  Railway  and  the  Northern  Pacific 
Railway  adopt  the  arrangement  shown  in  Plate  2.  Here  the  genera- 
tor is  placed  so  that  the  shaft  is  parallel  to  the  length  of  the  car  and 
at  a  point  over  the  rear  king  bolt.  The  Chicago  and  Northwestern 
Railway  uses  this  system  because  the  front  part  of  the  car  is  the 
express  compartment  and  the  door  leading  into  it  is  kept  locked. 
By  placing  the  set  in  the  rear  of  the  car,  the  electrician  can  attend  to 
it  without  disturbing  the  express  man.  In  this  arrangement  the  dis- 
tance between  the  locomotive  and  generator  is  as  much  as  fifty  feet, 
which  produces  a  considerable  amount  of  condensation  in  the  steam 
pipe. 

Further,  it  has  been  claimed  that  the  vibrations  could  be  felt  far- 
ther back  in  the  train  when  the  latter  arrangement  is  employed  be- 
cause the  "vibration  center"  is  farther  back  in  the  train.    The  ex- 
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periments  on  vibrations  described  in  this  paper  seem  to  bear  out  this 
point,  as  will  be  observed  by  making  an  examination  of  Plate  9. 

VIBRATION     INDICATORS    AND    SEISMOGRAPHS. 

For  measuring  vibrations  of  this  kind,  instruments  known  as 
"seismographs"  or  "seismometers"  are  used.  This  name  was  Origi- 
nally given  to  instruments  constructed  to  measure  the  movement  of 
the  ground  during  earthquakes.  Webster's  dictionary  gives  these 
definitions : 

"Seismometer :     An  instrument  for  measuring  the  direction, 
duration,  and  forces  of  earthquakes  and  like  concussions." 

"Seismograph:    An  apparatus  for  registering  the  shocks  and 
midulatory  motions  of  earthquakes." 
One  of  the  types  of  earth  movements  that  are  recognized  and  of 
which  measurements  are  made,  consists  of : 

Sudden  displacements  or  "earth  tremors,"  resembling  earthquakes 
in  the  rapidity  with  which  they  take  place,  but  differing  from  them 
in  that  they  can  be  detected  only  by  means  of  instruments  on  ac- 
count of  the  smallness  of  the  motion. 

It  can  be  seen  that  this  class  of  movements  or  "earth  tremors" 
resembles  the  vibratory  movements  caused  by  the  reciprocating  en- 
gines of  train  lighting  sets.  Hence,  instruments  used  to  measure 
this  type  of  movement  will  be  considered  further. 

The  following  notes  taken  from  an  article  on  the  "Seismometer" 
in  the  Encyclopaedia  Britannica  show  the  principles  upon  which 
these  instruments  are  based. 

"In  the  first  type  of  measurements  what  may  be  called  the  'inertia 
method'  is  followed.  A  mass  is  suspended  with  freedom  to  move  in 
the  direction  of  that  component  of  the  earth's  motion  which  is  to  be 
measured.  When  an  impulse  occurs  the  supports  move,  but  the 
mass  is  prevented  by  its  inertia  from  accompanying  them.  It  sup- 
plies a  steady  point  to  be  used  as  a  standard  of  reference  in  deter- 
mining the  extent  through  which  the  ground  has  moved  in  the  direc- 
tion in  question.  ...  In  all  instruments,  designed  to  furnish  a 
steady  point,  the  suspended  mass  must  have  some  small  stability, 
else  it  would  be  unmanageable ;  but  its  period  of  free  oscillation 
must  be  greater  than  that  of  the  earthquake  motions  which  it  is  em- 
ployed to  measure.  .  .  .  The  whole  movement  is  resolved 
into  rectilinear  components,  and  these  are  separately  recorded. 
.  .  on  a  plate  or  drum  which  is  kept  in  continuous  movement, 
so  that  the  record  of  each  component  takes  the  form  of  an  undulat- 
ing line,  from  which  the  number,  succession,  amplitude,  velocity,  and 
acceleration  of  the  component  movements  can  be  deduced  and  the 
resultant  motion  determined." 

THE    VIBRATION    INDICATOR    USED    IN    THESE    TESTS. 

The  ordinary  types  of  instruments  used  to  measure  earthquakes 
are  not  suitable  for  work  on  railway  trains,  because  they  are  over- 
sensitive, not  portable,  nor  compact.     Something  less  sensitive,  but 
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compact  and  portable,  is  required.  Consequently,  the  instruinent 
shown  in  the  following  pages  was  developed.  It  is  a  modification 
of  the  forms  already  described.  The  movement,  whatever  it  may  be, 
is  resolved  into  two  components,  one  vertical  and  the  other  horizon- 
tal. 

The  instrument  consists  of  four  principal  mechanisms  which  may 
te  described  as  follows : 

I.     A  mechanism  for  indicating  and  magnifying  the  vertical 
component  of  the  motion. 


Rear  View 


Front  View 


V^iBRATioN  Recorder 
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2.  A  mechanism  for  indicating  and  magnifying  the  horizon- 
tal component  of  the  motion  in  one  direction. 

3.  A  mechanism  for  permanently  recording  both  vertical 
and  horizontal  components  on  the  same  record  sheet. 

|.  A  base  with  suitable  framework  serving  to  support  me- 
chanisms I,  2,  and  3,  and  which  serves  to  give  stability  to  the 
apparatus, 

The  Vertical  Motion — The  vertical  component  of  the  motion  is 
recorded  by  the  device  shown  in  Plate  4,  Figures  i  and  2. 

A  cylindrical  brass  weight,  A,  weighing  two  pounds,  is 
^supported  upon  the  lever,  B.  The  spindle,  C,  is  solidly  fastened  to 
B,  and  at  right  angles  to  it,  by  means  of  the  collar,  D.  Spindle  C 
is  then  mounted  upon  a  base  by  means  of  the  pivots,  E  and  F.  At 
one  end  of  C  is  the  pin.  G.  Mounted  upon  C  is  a  coil  spring,  H,  con- 
sisting of  thirty  turns  of  Number  12  iron  wire.  One  end  of  this 
spring  is  fastened  around  the  pin,  G,  and  the  other  end  is  solidly 
soldered  into  a  collar,  I.  Collar  I  fits  into  the  support,  J,  and  is  so 
arranged  that  the  torsion  of  the  coil  spring  can  be  regulated.  A 
light  aluminum  pointer,  K,  carrying  a  pencil  at  its  upper  end,  is 
mounted  upon  the  collar.  D.  It  magnifies  the  displacement  of  the 
weight,  A. 

The  operation  of  this  device  is  as  follow- s :  ^^'hen  A  is  moved 
downward  and  then  released,  it  returns  to  its  normal  position.  This 
normal  position  is  horizontal  and  it  is  kept  there  by  placing  the 
proper  tension  upon  the  spring,  H.  When  A  is  moved  upward  there 
is  a  tendency  to  continue  upward.  A  small  spring  L  may  be  at- 
tached to  the  pointer,  K,  its  tension  being  regulated  to  bring  the 
weight  back  into  its  normal  position. 

Now,  for  up  and  down  movements  of  the  points,  E  and  F,  corre- 
sponding to  movements  of  the  base  of  the  instrument,  some  point  in 
A  tends  to  remain  stationary  on  account  of  the  inertia  of  this 
weight.  As  already  mentioned,  the  resulting  relative  movement  is 
indicated  and  magnified  bv  the  pointer,  K,  and  a  record  of  it  is 
made  by  the  pencil  point,  M,  at  the  end  of  the  pointer. 

It  can  be  seen  that  a  horizontal  displacement  of  the  points,  E  and 
F,  will  have  no  efifect  upon  the  weight,  A,  and  will  produce  no  dis- 
placement of  the  pointer,  K.  Hence,  this  device  records  the  vertical 
component  of  the  movements  of  the  base. 

The  Horizontal  Motion — The  device  by  means  of  which  the  hori- 
zontal motion  is  recorded  is  shown  in  Plate  4,  Figures  3  and  4.  Such 
movements  are  detected  by  pendulums. 

A  spindle.  A,  is  pivoted  at  the  points,  B  and  C.  Hanging  from  the 
spindle,  and  rigidly  fastened  to  it,  is  a  circular  piece  of  cast  iron,  D, 
weighing  four  and  one-fourth  pounds.  An  aluminum  pointer,  E, 
carrying  a  pencil  point  at  its  upper  end,  is  also  fastened  to  the 
spindle. 

By  examining  Figure  3,  it  will  be  seen  that  when  the  points,  B 
and  C,  are  quickly  moved  to  the  right  or  left,  some  point  in  the 
^veight,  D,  will  remain  at  rest  on  account  of  the  inertia  of  the 
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Aveight.  This  will  cause  a  multiplied  record  of  the  displacement  to 
be  made  by  the  pointer,  E. 

A  vertical  displacement  of  the  points,  B  and  C,  will  cause  no 
movement  of  the  pencil  point  with  respect  to  B  and  C.  Conse- 
quently, this  contrivance  will  be  unaffected  by  the  vertical  compon- 
ent of  the  motion  but  will  record  the  horizontal  component. 

The  Recording  Mechanism — For  permanently  recording  the  vi- 
brations, a  strip  of  metallic  paper,  two  and  one-half  inches  wide,  is 
made  to  pass  under  the  pencil  point  by  means  of  clock-work.  The 
paper  is  unwound  from  one  roller  and  wound  upon  another. 

^letallic  paper  and  ordinar}'  paper  have  been  used.  Brass  points, 
black  lead,  and  indelible  copying  lead  have  been  used  for  pencil 
points.  Experience  has  shown  that  brass  points  do  not  make  a  satis- 
factory mark.  By  using  metallic  paper  and  either  black  lead  or  in- 
delible lead  points  a  fine  record  is  obtained  on  the  smooth  surface 
of  the  metallic  paper.  A  further  advantage  of  using  indelible  points 
is  that  the  record  may  be  strengthened  and  permanently  fixed  by 
dampening  it.    This  makes  a  very  satisfactory  method. 

The  Base  and  Framework — These  three  mechanisms,  that  for  the 
vertical  motion,  that  for  the  horizontal  motion,  and  the  clock-work 
for  driving  the  paper,  are  all  supported  by  the  necessary  framework 
upon  a  heavy  iron  base.  A  handle  is  also  provided  by  means  of 
which  the  instrument  can  readily  be  carried  about. 

METHOD  OF  OBTAINING  DATA. 

The  instrument  whose  characteristics  have  just  been  described 
was  set  upon  the  floor  of  the  car  under  test  and  allowed  to  operate. 
A  record  was  obtained  w^hich  showed  the  horizontal  and  vertical 
components  of  the  motion  of  the  car  floor  at  that  particular  point. 
The  instrument,  being  portable,  was  next  set  up  on  various  cars  of 
the  train  and  at  various  points  on  the  cars. 

For  instance,  when  a  record  of  the  vibration  of  the  baggage  car, 
caused  by  the  lighting  engine,  was  desired,  a  test  was  made  at  the 
time  the  train  had  come  to  a  standstill  at  some  station.  The  instru- 
ment was  placed,  say,  three  feet  from  the  generating  set,  and  ope- 
rated long  enough  to  obtain  a  record.  It  has  been  carried  to  the 
center  of  the  car,  then  to  a  point  above  the  rear  king  bolt  of  the  car 
or  to  the  rear  platform,  a  record  being  taken  at  each  of  these  points. 
Then,  if  there  was  time,  it  was  set  up  in  the  second,  third,  and  other 
cars  of  the  train.  As  a  rule,  however,  the  stops  are  of  short  dura- 
tion and  it  is  impossible  to  oLUxi;  more  than  one  record  at  each  stop. 
It  is  only  at  junction  points,  at  points  where  water  is  being  taken 
by  the  locomotive  tender,  or  while  standing  in  the  coach  yards,  .that 
several  records  can  be  made.  As  a  result  of  this  the  records  are  not 
all  simultaneous. 

TRAINS.  CARS.  AND  SYSTEMS  WHICH  HAVE  BEEN  TESTED. 

Through  the  courtesy  of  the  Chicago,  Milwaukee,  and  St.  Paul 
Railway  Company,  and  the  Chicago  and  Northwestern  Railway 
Company,  it  was  possible  to  make  tests  of  the  nature  and  magnitude 
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of  the  vibrations  produced  by  the  generating  sets  in  use  on  some  of 
their  finest  trains.  The  Chicago,  Milwaukee,  and  St.  Paul  Railway 
Company  allowed  me  to  make  tests  on  the  "Pioneer  Limited,''  an 
electric  lighted  train  running  between  Chicago  and  Minneapolis. 
Similar  tests  w'ere  made  on  the  "Northwestern  Limited"  of  the  Chi- 
cago and  Northwestern  Railway  Company,  running  between  the 
same  points.    It  was  thus  possible  to  get  comparative  results. 

Tests  were  made  on  Westinghouse  "Standard"  engine  sets  and 
Curtis  steam  turbine  generator  outfits  on  both  roads.  A  summary 
of  these  may  be^  given  as  follows  : 

1.  Pioneer  Limited,  Chicago,  Milwaukee,  and  St.  Paul  Rail- 
way Company.  20  K.  W.,  Westinghouse  Standard  Engine  and 
Generator  from  Milwaukee,  Wisconsin,  to  Tomah,  Wisconsin. 

2.  Pioneer  Limited,  Chicago,  Milwaukee,  and  St.  Paul 
Railway  Company,  25  K.  W.,  Curtis  Steam  Turbine  and  Gen- 
eral Electric  Generator  from  Tomah,  Wisconsin,  to  Milwaukee, 
Wisconsin. 

3.  Northwestern  Limited,  Chicago  and  Northw^estern  Rail- 
way Company,  20  K.  W.,  Westinghouse  Standard  Engine  and 
Generator  from  Madison,  Wisconsin,  to  Minneapolis,  Minne- 
sota, and  return. 

4.  Baggage  Car,  216,  Chicago  and  Northwestern  Railway 
Company,  25  K.  W.,  Curtis  Steam  Turbine  and  General  Elec- 
tric Generator,  standing  in  coach  yards  of  the  Chicago,  St.  Paul, 
^Minneapolis  and  Omaha  Railway  Company,  at  Minneapolis, 
Minnesota. 


2.)-K.  \V.  Curtis  Turbine-Generator. 


Hncls — Vibrations  in  Passenger  Trains. 


213 


RESULTS  OF  TESTS. 

In  the  following  pages  are  given  tables  and  diagrams  showing  the 
results  of  tests  made  in  the  manner  just  described.  These  data  are 
largely  self-explanatory.  The  vibration  was  resolved  into  its  hori- 
zontal and  vertical  components  and  in  the  diagrams  these  are  shown 
by  the  upper  and  lower  curves,  respectively.  The  number  of  vibra- 
tions per  minute,  the  extent  of  the  vibrations,  in  inches,  and  remarks 
relating  to  the  station,  position,  and  time  of  the  record,  are  given. 

These  records  were  taken  on  trains  that  were  as  nearly  alike  as 
possible  in  all  respects.  20  K.  W.,  Westinghouse  engines  and  25 
K.  W.,  Curtis  turbines  were  tested  on  both  trains,  the  only  differ- 
ence being  that  the  sets  in  the  case  of  the  Chicago,  Milwaukee,  and 
St.  Paul  trains  were  crosswise  and  in  the  front  of  the  baggage  car, 
while,  in  the  Chicago  and  Northwestern  trains  they  were  lengthwise 
and  in  the  rear  of  the  baggage  car. 

Plate  9  gives  comparative  results  at  various  points  on  the  trains. 
The  figures  at  the  top  of  the  records  on  this  sheet  indicate  the  num- 
ber of  the  record  in  Plates  5,  6,  7.  and  8. 


Westingkousb  Engine  and  Generator  Lighting  Set. 
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Table  III. 


TESTS    OF   VIBRATIONS    CAUSED    BY    A    WESTINGHOUSE,   20  K.   W.,  TRAIN  LIGHTING   SET, 
"NORTHWESTERN  LIMITED,"  C.  AND  N.  W.  RAILWAY. 


Baggage  Car,   Number   1107. 


July  20  and  2i,  igo6. 
Engine,  Number  4171.     7/^"  X  l" ■    4°°  R-  P-  M. 


Generator,   Number   52974. 


23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 


VERTICAL 
Number  of  Extent  of 


Vibrations 
Per  Minute 

Vibratior 
in  Inch 

382 

0.03 

388 

0.02 

403 

0.03 

400 

400 

O.IO 

400 

O.OI 

408 

0.03 

390 

O.OI 

None 

Perceptible 

390 

O.OI 

None 

Pe 

rccpt 

ble 

390 

0,08 

390 

0.04 

390 

0.02 

390 

0.08 

390 

0.02 

390 

0.02 

390 

002 

None 
.•?88 

Pc 

rccpt 

ible 
0.06 

HORIZONTAL 
Number  of  Extent  of 


Vibrations 
Per  IWinute 

None 

Vibrations 
in  Inches 

Perceptible 

Station 

Lodi 

388 

0.03 

Baraboo 

'403 

0.06 

Reedsburg 

400 

0.06 

Elroy 

400 

0.02 

Elroy 

400 

O.OI 

Elroy 

408 

0.02 

Camp  Douglas 

None  Perceptible 
None  Perceptible 
None  Perceptible 
None  Perceptible 
390  0.02 

390  0.02 

None  Perceptible 
None  Perceptible 
None  Perceptible 
None  Perceptible 
None  Perceptible 
None  Perceptible 
388  0.02 


Minneapolis 
Coach  Yards 


Remarks. 


St.  Paul  depot 


Baggage  car  (1107) 

Three  feet  from  engine 
Baggage  car  (1107) 

Three  feet  from  engine 
Baggage  car  (1107) 

Three  feet  from  engine 
Baggage  car  ( 1107) 

Three  feet  from  engine 
Baggage  car  (1107) 

Three  feet  from  engine 
Baggage  car  (589) 

Center  of  car 
Baggage  car  ( 1 107) 

Three  feet  from  engine 
f  Baggage  car  (589) 

Center  of  car 
Buffet  car  (589) 

Rear  platform 
Baggage  car  (5S9) 

Rear  platform 
"Deerfield" 

Middle  of  car 
Baggage  car  (1107) 

Three  feet  from  engine 
Ba.g.gage  car  ( 1 107) 

Middle  of  car 
Baggage  car  (1107) 

Front  of  car 
Baggage  car  (1107) 

Three  feet  from  engine 
Baggage  car  (1107) 

Middle  of  car 
Baggage  car  (1107) 

Middle  of  car 
Buffet  car 

Renr  platform 
"Deerfield" 

Front  platform 
Ba.ggagecar  f  1107) 

Three  feet  from  engine 


Time 
11:19  P.M. 

li:SS 
12:26  A.  M. 

1:0s 

I  :io 

1:12 

7  :oo  P.  M. 


8  :oo  P.  M. 


8:3s  PM. 
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Table  II. 

TESTS    OF    VIBRATIONS    CAUSED    BY    A    GENERAL    ELECTRIC, 
25   K.   W.,   CURTIS   TRAIN   LIGHTING   SET. 

"PIONEER  LnilTED,"'  C.  ^I.  AND  ST.  P.  RAILWAY. 

May  5  and  6,   1906. 
Baggage  Car,  Number  410. 
Turbine,  Number  3229. 
Generator,   Number  11 1775. 

Steam   Pressure,   rated.  So  pounds   per   square   inch. 
Amperes,  200;   Volts,  No  load,  120;   Full  load,   125. 

Remarks. 


Rec. 

No.                 Station 

Position 

Time 

1 1  Camp  Douglas 

Baggage  car 
Three  feet  from  en 

gine 

2  -.37  A.  M. 

12  New  Lisbon 

Baggage  car 

Three  feet  from  en 

gine 

2:43 

13  New  Lisbon 

Baggage  car 
Center  of  car 

2:51 

14  Portage 

Baggage  car 
Center  of  car 

4:00 

15  Watertown  Junction 

Baggage  car 
Center  of  car 

5:25 

Table  IV. 

TESTS    OF    VIBRATIONS    CAUSED    BY    A    GENERAL    ELECTRIC, 
25  K.  W.,  CURTIS  TRAIN  LIGHTING  SET. 

CHICAGO,   ST.   PAUL,   MINNEAPOLIS   AND   OMAHA 

RAILWAY. 

July  21,   1906. 
Baggage  Car,  Number  216. 


Turbine,  Number  2907. 
Generator,  Number  111715. 


Remarks. 


Rec. 

So.  Station 

36  Minneapolis 
Coach  Yards 
37 

38 

39 

40 


Position 

Baggage  car 

Next  to  generator 
Baggage  car 

Next  to  generator 
Baggage  car 

Next  to  generator 
Baggage  car 

Center  of  car 
Baggage  car 

Center  of  car 


Time 


6 130  P.  M. 
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RESUME. 

From  the  experiments  recorded  in  this  paper  and  from  general 
observations  it  appears  that  reciprocating  engine  train  Hghting  sets, 
as  installed  at  present,  produce  vibrations  of  considerable  magnitude, 
due  to  unbalanced  forces  set  up  in  them  by  the  reciprocating  motion 
of  their  parts.  Many  of  you,  no  doubt,  have  experienced  them  while 
traveling  upon  electric  lighted  trains.  The  waves  of  vibration  thus 
produced  are  transmitted  back  into  the  train  for  a  distance  which 
depends  to  some  extent  not  only  upon  the  method  of  placing  the 
generating  set  in  the  car  and  its  position  in  the  train  but  also  upon 
the  nature  and  condition  of  the  coupling,  buffing,  and  vestibuling  de- 
vices. Other  factors,  some  of  which  are  pointed  out  in  what  follows, 
influence  the  extent  of  the  vibratory  waves  and  the  distance  of  their 
transmission.  The  vibration  becomes  apparent  when  the  train  is  at 
rest,  but  as  soon  as  the  train  starts  and  when  under  way  the  pitch- 
ing and  tossing  of  the  cars  is  great  enough  to  destroy  the  effect  of 
the  vibrations  caused  by  the  lighting  set.  It  appears  from  the  rec- 
ords that  the  vibrations  produced  are  of  a  complex  character,  and 
that  they  can  be  resolved  into  components.  In  this  work  the  vibra- 
tion of  the  car  floor  was  resolved  into  vertical  and  horizontal  com- 
ponents, the  horizontal  component  being  determined  longitudinally 
in  the  car.  There  is  also  a  lateral  horizontal  component  of  the  vi- 
bration but  it  is  not  recorded  in  this  paper  since  it  is  of  small  extent 
and  often  absent.  Thus,  the  car  vibrates  in  three  dimensions.  The 
component  vibrations  appear  to  have  a  "peaked"  wave  form  and 
where  both  components  exist  there  are  as  many  horizontal  as  there 
are  vertical  vibrations. 

The  vibration  frequency  is  in  the  neighborhood  of  400  per  minute 
and,  since  the  lighting  engines  run  at  this  speed,  it  may  be  said  that 
there  is  one  vibration  per  revoluton  of  the  electric  light  engine.  Or, 
what  is  the  same  thing,  there  are  as  many  vibrations  as  there  are 
revolutions.  Hence,  the  number  of  vibrations  depends  upon  the 
speed  of  the  lighting  engine. 

The  extent  of  the  vibration  is  greater  in  some  parts  of  the  car 
than  in  others.  The  minimum  vibration  seems  to  be  found  at  the 
points  of  support  of  the  car  floor — the  king  bolts.  The  vertical 
vibration  is  nearly  always  greater  than  the  horizontal  vibration,  but 
exceptions  to  this'  have  been  observed.  Thus,  the  maximum  vertical 
displacement  shown  on  the  vibration  records  is  0.05"  in  the  Chi- 
cago, Milwaukee  and  St.  Paul  tests  and  o.io"  in  the  Chicago  and 
Northwestern  tests.  The  maximum  horizontal  displacement  as  shown 
on  the  records  is  0.02"  in  the  Chicago,  Milwaukee  and  St.  Paul 
tests  and  0.06"  in  the  Chicago  and  Northwestern  tests.  This  dis- 
placement of  0.06",  however,  is  an  exceptional  case.  Since  the  vi- 
bration recorder  magnifies  the  vibration  two-fold,  the  actual  vibra- 
tion is  one-half  of  the  amount  indicated  by  the  figures.  It  is  quite 
probable  that  the  real  displacement  is  somewhat  greater  than  this 
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since  the  friction  of  the  instrument  absorbs  some  of  the  energy  of 
the  vibrations. 

The  buffers  and  vestibule  plates  transmit  the  vibrations  from  one 
car  to  the  other,  but  as  the  cars  are  not  rigidly  coupled  together, 
the  energy  of  the  vibrations  is  largely  lost  in  the  flexible  joints.  The 
vibration  is  greatest  in  the  vicinity  of  the  lighting  set  and  becomes 
less  as  the  distance  from  the  set  increases.  In  other  words,  some 
parts  of  the  train  vibrate  more  than  others,  the  most  vibration  being 
found  at  the  front  end  of  the  train  and  least  at  the  rear  of  the 
train.  The  tremblings  can  be  detected  in  the  third  and  sometimes  in 
the  fourth  and  fifth  car  from  the  generating  set,  depending  upon 
conditions. 

The  amount  of  vibration  depends  upon  the  manner  in  which  the 
train  comes  to  a  stop.  When  -the  train  comes  to  a  stop  with  the 
buffers  and  vestibule  plates  tight  together,  much  vibration  is  felt  in 
the  train,  but  when  the  buffers  and  plates  are  loose,  less  vibration 
can  be  detected.  This  is  shown  when  the  train  comes  to  a  stop  on 
a  grade.  If  the  grade  is  down,  the  cars  press  against  each  other 
and  put  the  buffers  and  plates  into  intimate  contact.  The  result 
of  this  condition  is  that  the  vibration  is  quite  noticeable.  If  the 
grade  is  up,  the  cars  tend  to  separate,  the  buffers  and  plates  are 
not  in  close  contact  and  a  small  amount  of  vibration  is  transmitted 
back  into  the  train. 

Similar  conditions  arise  when  water  is  being  taken  at  a  station. 
When  the  engine  is  "spotted  for  a  water  tank,"  it  must  be  brought 
into  position  carefully.  If  the  engineer  gets  the  tender  too  far 
ahead  of  the  water  spout  he  backs  up  a  trifle,  thereby,  "bunching" 
the  train  and  putting  the  buffers  and  plates  into  intimate  contact. 
This  condition  makes  the  vibrations  strongly  perceptible.  On  the 
other  hand,  if  the  tender  stops  too  far  back  of  the  spout,  he  goes 
forward  a  trifle,  thus  loosening  the  contacts.  A  small  amount  of  vi- 
bration is  then  transmitted. 

Another  point,  in  this  connection,  is  that  as  soon  as  the  train 
comes  to  a  stop  vibrations  are  felt.  But,  in  starting  up  again,  as 
soon  as  there  is  a  pull  on  the  drawbar  and  before  the  locomotive 
driver  wheels  have  made  a  quarter  turn,  the  vibration  disappears. 
At  the  instant  of  starting  the  buffers  are  pulled  apart  so  that  the  vi- 
brations are  not  readily  transmitted. 

The  weight  of  the  train,  the  weight  of  the  cars,  and  the  weight 
of  the  load  have  an  effect  on  the  magnitude  of  the  vibrations.  This 
is  apparent,  since  it  takes  more  energy  to  shake  a  heavy  load  than 
it  does  to  shake  a  light  one.  Having  given  an  engine  set  whose 
impulses  produce  vibrations  of  a  certain  magnitude  on  light  cars,  it 
is  probably  safe  to  assume  that  the  same  engine  will  produce  vibra* 
tions  of  smaller  size  on  heavier  cars. 

The  size  of  the  reciprocating  unit  enters  into  the  question.  The 
moving  parts  of  a  large  unit,  being  larger,  will  produce  greater  dis- 
turbing forces,  and,  for  a  given  weight  of  car,  will  produce  larger 
vibrations  than  a  smaller  unit.     For  instance,  the  records  in  this 
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paper  show  that  the  vibrations  can  be  detected  as  far  back  as  the 
third  car  from  the  locomotive  for  20  Kilowatt  W'estinghouse  sets. 
In  February,  1906,  while  the  train  was  standing  in -the  Chicago, 
Milwaukee  and  St.  Paul  depot  at  Minneapolis,  the  vibration  was 
barely  perceptible  without  instrumental  means  in  the  fifth  car  from 
the  locomotive,  a  25  Kilowatt,  Westinghouse  set  being  in  use  at  this 
time. 

The  records  plainly  show  that  the  trains  equipped  with  turbine 
lighting"  sets  are  exempt  from  the  annoying  vibrations  which  are 
likely  to  traverse  a  train  from  a  reciprocating  engine  set. 

Aside  from  the  vibratory  effect  of  these  lighting  sets,  noises  are 
produced  which  are  annoying  at  times.  With  the  Westinghouse 
set,  when  the  steam  pressure  is  low,  a  knocking  or  pounding  of  the 
engine  takes  place  when  under  load.  This  noise  is  transmitted  back 
into  the  train  for  a  considerable  distance.  The  speed  (400  r.  p.  m.) 
is  low  enough  so  that  each  separate  knock  can  be  heard.  With  the 
turbine  set,  a  humming  or  buzzing  sound  is  observed.  The  higher 
speed  of  the  turbine  (3,600  r.  p.  m.)  makes  a  noise  characteristic  of 
high  speeds. 
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Discussion. 

Mr.  IV.  L.  Abbott  (m.w.s.e.),  Chairman — One  thing  that  im- 
pressed me  while  Hstening  to  the  paper  is  that  passengers  on  a 
train  are  not  discommoded  nor  annoyed  by  the  tossing  and  pitch- 
ing of  the  train  incident  to  traveUng  over  rough  roads  and  around 
curves,  but  the  instant  that  the  train  stops  they  detect  at  once  a 
shght  tremor,  in  ampHtude,  as  I  understand  from  the  paper,  of  1-32 
in.  It  is  possil:)le  that  when  the  train  is  moving  the  vibrations 
might  be  as  great  as  3  in.  in  an  extreme  case,  without  being  par- 
ticularly disturbing.  Possibly  this  is  because  those  vibrations  are 
not  regular,  and  for  that  reason  are  not  noticed  to  any  extent,  but 
when  the  train  comes  to  rest,  and  all  other  motions  cease,  the  vi- 
brations continue  in  an  isochronous  manner,  some  400  vibrations 
a  minute  and  only  1-32  in.  in  an  extreme  case ;  it  is  very  noticeable 
and  annoying.  It  occurred  to  me  that  if  these  electric  lighting 
engines  were  set  with  the  crank  shaft  crosswise  of  the  car — and 
some  of  them  appear  to  be  so — the  vibrations  transmitted  to  the 
train  would  be  lengthwise  and  would  consist  in  tightening  and 
slackening  the  draw  bar. spring,  and  I  would  expect  that  it  would 
not  be  transmitted  at  all,  and  if  at  all,  very  little.  In  that  case 
(if  that  were  true)  I  would  suppose  they  would  set  their  engines 
that  way. 

However,  the  advent  of  the  steam  turbine  has  relieved  the  situa- 
tion entirely,  as  a  turbine  is  better  adapted  for  such  work  than  a 
reciprocating  e  igine.  I  presume  that  that  is  the  prime  mover 
which  is  being  installed  now  on  such  trains. 

The  subject  of  this  paper  is  one  of  interest  to  those  who  are  con- 
cerned in  the  refinements  of  first  class  train  service,  which  requires 
the  removal  of  all  possible  annoyances  which  might  disturb  the 
high  priced  passengers  in  the  Pullman  cars.  I  notice  that  those 
who  ride  in  the  smoking  car  get  the  greatest  shaking  up,  and  there- 
fore it  is  not  as  bad  as  though  they  had  the  baggage  car  in  the 
midst  of  the  sleeping  cars. 

Mr.  J.  H.  Warder  (m.w.s.e.) — What  fixed  the  element  of  the 
weights  you  used  that  by  their  inertia  give  the  vibration  to  those 
pointers,  which  were  recorded  on  the  paper  ?  Was  there  any  partic- 
ular determination  as  to  what  those  weights  should  be? 

Mr.  Hucls — That  weight  was  not  pre-determined.  The  weights 
used  in  the  machine  were  tried  and  found  to  do  what  was  re- 
quired. 

Mr.  Warder — What  is  that  metallic  paper?  Is  it  the  same  as  is 
used  with  steam  indicators,  with  a  smooth  coated  surface? 

Mr.  Huels — Yes,  the  same  thing;  it  has  a  very  smooth  surface 
on  one  side,  and  you  can  make  a  mark  on  it  with  a  metallic  point 
such  as  silver  or  brass.  The  reason  we  use  a  metal  point  is.  it  does 
not  break  oflf  or  wear  out  as  rapidly  as  other  kinds. 

Mr.  E.  C.  DeWolfe   (M.w^s.E.) — We  used  to  have  to  pav  high 
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prices  for  that  metallic  paper.  I  recently  discovered  that  it  is 
nothino-  more  than  a  good  qnality  of  glazed  paper  such  as  is  used 
in  a  fine  catalogue,  and  can  he  had  from  the  paper  dealer  at  much 
cheaper  rates  than  formerly. 

In  regard  to  those  vibrations,  i\Ir.  Abbott  spoke  about  the  gen- 
erating "set  being-  placed  crosswise,  as  in  the  St.  Paul  practice, 
throwing  a  longitudinal  vibration.  I  was  wondering  whether  the 
instrument  was  set  the  same  way  for  both  systems;  that  is.  in  the 
Northwestern  test  was  the  instrument  set  to  read  a  transverse  vi- 
bration on  account  of  the  generating  set  having  its  axis  lengthwise 
of  the  train,  and  in  the  St.  Paul  set  the  other  way? 

Mr.  Hiiels — The  object  was  to  get  comparative  results;  the  in- 
strument was  set  up  the  same  way  on  both  trains. 

I  always  observed  one  w^ay  of  setting  the  recording  instrument 
in  relation  to  the  length  of  the  car,  whatever  might  be  the  method 
of  placing  the  generating  set  in  the  baggage  car.  The  horizontal 
motion  was  lengthwise  of  the  train. 

Mr.  Abbott — Is  that  the  objectionable  motion? 
Mr.  Huels — No,  the  objectionable  motion  is  up  and  down. 
Mr.  Abbott — Is  the  crosswise  motion  objectionable? 
Mr.  Huels — There  is  very  slight  vibration  from  the  crosswise 
motion.     I  found,  after  making  a  few  observations,  that  what  we 
call  a  crosswise  movement  of  the  train  was  so  small  I  could  not 
record  it,  and  I  paid  no  atttention  to  it  after  that,  simply  taking  the 
vertical  vibration  and  horizontal  vibration  in  the  longitudinal  di- 
rection of  the  train. 

Mr.  E.  P.  Marsh — The  matter  of  vibrations  on  passenger  trains 
was  something  which  developed  after  the  idea  of  furnishing  elec- 
tric light  on  trains  was  suggested,  and  on  some  roads  an  endeavor 
to  minimize  the  vibration  was  attempted  by  using  a  special  spring 
draw  bar  carrier  yoke,  as  the  vertical  vibration  is  transmitted 
chiefly  through  the  draw  bar  pull,  and  by  use  of  this  spring  yoke 
it  was  endeavored  to  remedy  at  least  a  part  of  this  vibration.  The 
choice  of  position  of  the  various  sets  sometimes  varies  for  different 
reasons  than  have  been  suggested  by  the  author.  For  instance,  on 
the  Northwestern  road  the  chief  reason  for  carrying  the  outfit  on 
the  rear  end  of  the  car  is  that  tHe  outfits  are  quite  valuable ; 
in  case  an  accident  occurs,  and  the  tender  comes  back  through  the 
baggage  car,  if  the  outfit  is  at  the  forward  end  of  the  car  the  outfit 
is  lost ;  if  on  the  rear  end,  it  is  more  likely  to  be  saved. 

Mr.  Huels — I  was  wondering  why  the  Northwestern  road 
thoug-ht  more  of  its  generating  sets  than  the  comfort  of  the  passen- 
gers. The  St.  Paul  road  sets  its  machines  in  a  reverse  position  to 
that   of   the   Northwestern   road. 

Mr.  Marsh — The  Northwestern  road  has  lost  one  outfit  just 
that  way.  On  new  equipments,  however,  the  turbine  type  is  used 
exclusively,  and  a  large  number  of  axle  light  outfits  are  being 
applied,  which  have  given  no  trouble  in  the  way  of  vibration. 
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Mr.  JV.  11.  Syiiwns — I  liave  been  much  interested  in  this  very 
vakiable  and  interesting  paper  of  Mr.  Huels',  as  it  has  brought  to 
mv  mind  a  number  of  points  in  connection  with  train  hghting,  and 
vibrations,  some  of  which  I  had  reviewed  some  years  ago ;  others 
have  been  made  clear  to  me,  that  had  not  occurred  to  me  before. 

Some  eight  years  ago,  I  was  in  charge  of  the  mechanical  de- 
partment of  a  system  of  railways  in  the  south,  and  was  located  at 
Savannah,  Ga.  We  participated  in  the  operation  of  what  was 
called  the  "Flordia  Limited  Train"  from  New  York  City  to  St. 
Augustine  and  Port  Tampa,  and  handled  by  the  Pennsylvania  Rail- 
way ;  Richmond,  Fredericksburg  and  Potomac  Railway,  the  At- 
lantic Coast  Line  and  the  Plant  System,  the  Plant  System  having 
the  majority  of  the  mileage.  Of  course,  it  fell  to  us  to  stand  the 
greater  part  of  the  responsibility  and  expense.  Electric  lighting 
was  intrduced  about  that  time  pretty  generally  on  through  trains, 
and  the  question  of  the  vibrations,  described  and  analyzed  in  Mr. 
Huels'  paper,  came  up.  At  first  it  seemed,  from  the  reports  we 
had,  that  it  was  something  serious ;  the  complaints  coming  prin- 
cipally from  people  of  wealth  and  refinement  who  lived  in  luxury, 
and  were  accustomed  to  having  things  made  comfortable  for  them; 
therefore,  the  vibrations  of  the  train  annoyed  them  a  great  deal, 
and  while  I  was  not  prepared  to  conduct  any  such  series  of  tests, 
as  described  by  Mr.  Huels,  yet  I  made  some  practical  tests  in  the 
way  of  taking  actual  measurments  of  the  movements  of  the  car 
body  when  standing  still,  with  the  lighting  equipment  in  move- 
ment or  operation  by  placing  some  fixed  gauges  in  contact  with  the 
car.  and  then  measuring  the  vibrations  that  actually  occurred.  I 
discovered,  as  a  result  of  these  observations,  that  the  vibrations 
were  practically  as  outlined  in  Mr.  Huels'  paper,  possibly  a  little 
greater.  The  movement  was  about  1-16  in.  That  average  was 
taken  from  a  combination  baggage  and  express  car,  with  the  light- 
ing equipment  in  the  front  extreme  corner,  not  over  the  king  pin, 
and  not  in  the  center  of  the  car ;  therefore,  it  gave  the  car  what 
might  be  called  a  tilting  motion  in  addition  to  the  regular  vibra- 
tions, that  came  from  the  equipment  itself,  and  that  was  transmitted 
back  through  the  train  quite  perceptibly.  But  in  following  my 
tests  through  the  cars,  that  were  attached  to  this  head  car,  I  dis- 
covered that  the  actual  movement  of  the  car  became  almost  nil,  but 
the  noise  was  very  pronounced.  The  proposition  therefore  resolved 
itself  into  this,  that  while  there  was  a  noticeable,  and  to  some, 
a  disagreeable  noise,  the  vibrations  were  too  slight  to  have  caused 
any  real  discomfort ;  as  a  rule  the  pasengers  were  not  disturbed 
as  much  as  they  really  imagined  thev  were. 
_  Sometimes  in  hotels  or  large  buildings,  very  perceptible  vibra- 
tions are  observed,  and  one  might  think  that  the  building  was  in 
danger,  when  in  reality  it  is  frequently  caused  by  .vibrations  from 
some  light,  high  speed  machinery  fastened  to,  or  in  some  manner 
connected  to  the  walls.     In   connection   with   the   train   investiga- 
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tions  and  as  an  experime^it,  I  took  one  car  and  moved  die  equip- 
ment to  the  center  of  it,  and  found  that  the  vibrations  were  very 
much  reduced.  Following  that.  I  changed  the  foundation  ar- 
rangement, setting  the  engine  bed  on  a  number  of  helical  or  spiral 
springs,  placing  a  yoke  over  the  engine  bed  and  fastening  to  the 
car  floor,  so  that  in  train  movement  there  would  be  no  danger  of 
the  engine  being  thrown  from  its  position.  When  the  equipment 
was  in  service  under  these  conditions,  there  were  scarcely  any 
vibrations  whatever ;  they  were  almost  entirely  eliminated,  although 
the  noise  was  just  as  perceptible  in  the  rear  'car,  as  when  bolted 
to  the  car  tioor.  Some  of  the  passengers  who  complained  of  the 
noise  did  not  know  the  diflference. 

Investigation  of  vibrations  in  a  brick  building,  where  the  walls 
seemed  to  be  effected  as  shown  by  the  mortar  crumbling  and  work- 
ing out  in  the  form  of  dust,  I  assumed  that  the  mortar  was  not 
of  the  best  quality;  the  vibrations  were  so  pronounced  as  to  inter- 
fere with  desk  work  in  the  building. 

I  went  into  the  basement,  and  found  a  little  high  speed  electric 
light  engine  fastened  to  a  concrete  floor,  which  was  connected  to 
the  building  walls,  thus  forming  a  perfect  conductor,  and  transmit- 
ting these  -vibrations  through  the  walls,  and  which  were  in  places 
gradually  undergoing  a  process  of  deterioration ;  in  my  opinion 
in  time  this  would  have  affected  the  safety  of  the  building.  In 
connection  with  this,  I  recommended  that  they  apply  the  same 
remedy,  which  gave  such  good  results  with  train  vibration ;  they 
did  so,  and  after  that,  one  could  hardly  discover  there  was  any 
machinery  working  in  the  building,  so  far  as  vibrations  were 
concerned. 

There  is  another  point,  that  I  wish  to  mention  in  connection 
w'ith  train  vibrations,  and  that  is,  if  the  author  of  this  paper  w'ould 
carry  this  matter  still  further,  to  the  extent  of  taking  a  record 
of  the  vibrations  of  both  passenger  and  freight  trains  in  move- 
ment, due  to  the  component  of  undulating  or  imperfect  roadway 
and  speed,  it  would  be  very  valuable  to  railway  companies ;  it 
would  determine,  to  a  great  extent,  the  cause  of  many  derail- 
ments and  accidents  that  are  now  simply  passed  by  as  "cause 
unknow^n." 

This  is  a  subject  that  has  not  infrequently  been  broached  to  rail- 
way managers.  Some  are  favorable  to  its  introduction ;  others 
again,  I  presume,  may  think  it  might  reveal  certain  track  conditions 
Avhich  they  do  not  want  made  known. 

In  my  opinion  some  tests  as  these  would  be  very  valuable  in 
connection  with  railway  operation,  as  the  subject  seems  to  present 
a  broad  and  inviting  field  of  practical  experiment  with  some  sci- 
entific research. 

Mr.  Hucls — The  reason  I  made  these  experiments,  is  because  a 
number  of  students  at  the  University  of  Wisconsin  were  testing 
some  of  these  lighting  sets ;  we  tried  to  make   some  kind  of  a 
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comparison  between  the  clitTerent  outfits  40  find  out  which  would 
be  the  better  for  any  given  condition.  We  tested  for  steam 
economy  and  found  that  the  turbine  sets  take  a  great  deal  more 
steam  than  the  Westinghouse  sets.  So  I  thought  it  would  be 
verv  interesting  and  possibly  afford  some  means  of  comparison 
to  get  vibrating  observations  graphically.  You  have  the  turbine^ 
taking  more  steam  but  having  no  vibration  and  hardly  any  noise, 
and  there  are  these  high  speed  vertical  reciprocating  engines,  tak- 
ing less  steam  and  giving  more  vibration ;  when  the  steam  pres- 
sure is  low  there  is  considerable  noise.  There  are  other  factors- 
that  come  in,  in  choosing  a  lighting  set  besides  vibrations  and. 
steam  economy.  As  you  all  know,  the  steam  turbine  does  not 
require  any  cylinder  oil.  I  do  not  mean  in  the  bearings,  but  inside 
of  the  moving  parts  no  oil  is  required,  and  of  course  that  is  a 
factor  in  the  economy  of  operation. 

In  regard  to  Mr.  Symons'  suggestion,  that  the  matter  of  tests 
be  carried  further,  "to  the  extent  of  taking  a  record  of  the  vibra- 
tions of  both  passenger  and  freight  trains  in  movement,  due  to 
the  component  of  undulating  or  imperfect  roadway  and  speed," 
and  in  that  way  determine  irregularity  of  roadbed,  I  have  looked 
into  this  matter  to  some  extent,  and  came  across  some  articles 
on  tests  of  this  kind.  I  noticed  that  the  results  of  these  tests 
were  not  altogether  satisfactory  when  made  on  English  railways. 
I  found  no  record  of  such  tests  made  on  American  railways. 

yix  machine  was  built  to  measure  these  very  small  vibrations — 
not  more  than  o.io  in.  from  the  record — while  the  vibration  of  a 
car  body  is  so  much  greater  than  that,  it  shakes  my  machine  all  to 
pieces.  I  have  some  blue  prints  showing  what  it  did  with  this 
machine  on  roadbed.  They  are  not  perfect  records  by  any  means, 
and  perhaps  not  accurate. 

I  have  sme  records  of  a  car  coming  to  a  stop  at  a  railway  sta- 
tion and  starting  up  again,  showing  the  effect  of  braking.  I 
regret  that  I  have  not  more  time  to  work  up  such  tests  as  these, 
but  am  sure  those  roadbed  tests  would  bring  out  many  points  of 
interest. 

The  article  on  tests  made  in  England  (referred  to)  brought  out 
the  fact  that  in  passing  over  a  certain  piece  of  roadbed  a  peculiar 
shaking  appeared  on  the  record.  The  railway  people  went  out 
and  inspected  the  roadbed  but  could  find  nothing  the  matter  with 
it ;  then  they  started  digging,  and  found  that  the  ties  were  all  rot- 
ten ;  they  could  put  a  pick  right  through  them ;  although  in  looking 
at  them  from  the  outside,  the  top  appeared  to  be  in  good  shape. 
A  good  many  things  could  be  brought  out  on  the  records  taken 
on  the  run  of  a  train.  One  of  those  machines  could  be  put  in  a 
car  and  locked  up,  and  in  that  way  an  automatic  record  could  be 
gotten  of  the  whole  trip ;  you  could  tell  when  an  engineer  started 
the  train  and  when  he  stopped;  if  the  train  w'as  late — why?  A 
new  record  could  be  put  in  for  every  trip.     In  this  wav  one  could 


Discussion — Vibrations  in  Passenger  Trains.  220 

tell  a  good  deal  about  the  operation  of  the  road.  It  seems  to  me 
that  information  of  that  kind  would  be  very  valuable. 

Mr.  Warder — Do  you  see  any  difificulty  in  modifying  your  ma- 
chine so  that  it  would  be  suitable  to  carry  out  the  idea  of  Mr. 
Symons,  to  record  the  condition  of  the  track,  etc.? 

Mr.  Hnels — Perhaps  this  particular  machine  could  not  be  modi- 
fied, but  I  think  such  a  machine  could  be  made.  I  have  some 
references  to  some  articles  in  different  engineering  periodicals  on 
machines  actually  used  for  that  purpose,  although  I  am  not  able 
to  judge  just  what  a  railway  operating  man  would  want. 

Mr.  Symons — In  making  practical  tests  for  the  purpose  of  de- 
termining the  flange  resistance  of  car  wheels  against  the  rails 
when  rounding  curves  due  entirely  to  the  curvature,  a  plan  has  been 
found  at  times  reasonably  accurate,  wherein  pieces  of  pig  lead 
are  placed  on  either  side  of  the  draw  bar  shank  of  sufficient  dimen- 
sions to  fill  the  space  between  the  draw  bar  shank  and  the  filler 
"block  on  either  side;  this  while  the  cars  are  standing  on  a  tangent 
and  properly  coupled.  The  train  is  then  pulled  around  a  curve 
of  a  certain  known  degree  of  curvature,  which,  of  course,  results 
in  the  pieces  of  lead  being  mashed,  or  flattened  in  proportion  to 
the  amount  of  pressure  against  them :  after  rounding  the  curve, 
and  coming  on  to  a  tangent,  or  straight  track,  these  pieces  of  lead 
are  removed,  taken  to  the  laboratory,  where  similar  sized  pieces, 
or  duplicates,  are  subjected  to  pressure  in  a  hydraulic  machine 
with  a  recording  gauge,  and  when  they  have  been  compressed  or 
reduced,  the  same  as  the  pieces  removed  from  the  car,  the  gauge 
will  indicate  a  pressure  equal  to  that  of  the  wheel  flanges  against 
the  rail  when  the  cars  were  rounding  curves :  we  can,  by  this 
method,  figure  very  closely  as  to  the  extent  of  pressure  resulting 
from  curvature,  and  learn  much  as  to  the  cause  and  effect  of  flange 
wear,  rail  wear,  spreading  of  rails,  and  other  features  in  connec- 
tion with  the  design,  construction,  and  maintenance  of  car  wheels, 
trucks  and  rails  on  which  they  run.  This  method  would  not 
clearly  indicate  the  cause  of  derailments,  or  the  breaking  of  flanges 
on  car  wheels,  for  the  reason,  that  it  does  not  include  the  com- 
ponent of  all  the  forces  resulting  from  curvature,  speed,  centrifugal 
force,  rolling  of  cars  due  to  rough  or  undulating  track,  etc.,  which 
all  have  more  or  less  bearing  on  the  question.  It  very  clearly  indi- 
cates the  pressure  against  the  outer  rail  when  rounding  a  curve 
at  a  slow  rate  of  speed,  and  it  also  serves  as  a  guide  whereby 
the  engineer,  or  car  builder,  can  determine  what  is  a  sufficient 
amount  of  flexibility  to  be  allowed  or  provided  for  with  cars  of 
certain  lengths  for  rounding  curves  of  a  certain  degree  of  curva- 
ture. 

Some  kind  of  a  machine  built  on  pretty  much  the  same  lines  as 
the  one  used  in  the  vibration  tests  described  here  this  evening, 
but  on  a  much  larger  scale ;  that  would  show  the  component  of 
all  those  forces  which  I  have  outlined  as  applying  to  cars  when 
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rounding  curves  would  be  of  great  value.  Some  of  our  modem 
freight  cars  weigh  when  empty  46,000  lbs.,  or  twenty-three  (23) 
tons,  and  when  loaded  have  a  total  weight  of  156,000  lbs.:  these 
are  sometimes  hauled  at  a  speed  of  40  to  50  miles  per  hour,  and 
under  certain  track  conditions  they  possess  a  rolling,  or  swaying 
motion ;  the  eflfect  of  which,  at  the  present  time,  we  have  no  means 
of  measuring;  we  know,  as  a  fact,  that  it  is  something  terrific  in 
its  effect  both  on  the  equipment  and  on  the  track.  Sudden  lateral 
thrusts  break  a  car  wheel  flange ;  possibly  it  is  a  component  of 
velocity  together  with  weight  of  car  and  contents.  At  times  this 
fracture  may  be  assisted  by  the  flange  being  somewhat  worn,  and 
imperfect  roadway  would  also  contribute  to  the  same  result.  Some 
machine,  that  will  accurately  measure  and  record  the  motion  of 
cars  under  these  conditions,  and  at  the  same  time  indicate  at  what 
particular  place  on  the  line  of  road  the  readings  were  taken,  so 
that  an  accurate  description  of  the  track  at  that  point  could  be 
added,  would  be  a  great  benefit.  It  would  possibly  indicate  by 
its  application  to  different  kinds  of  cars  (and  at  dilTerent  speeds). 
for  instance,  refrigerator  cars,  loaded  or  empty,  furniture  cars, 
coal  cars,  box  cars  and  others,  that  speed  which  might  be  considered 
a  safe  rate  for  one  class  of  these  cars,  would  be  absolutely  dan- 
gerous for  others. 

Following  the  wreck  of  a  railway  train,  the  different  depart- 
ments involved,  as  a  rule,  are  called  upon  to  explain  why.  par- 
ticularly when  the  cause  of  the  wreck  may  have  been  assigned 
to  a  defect,  or  a  condition  chargeable  to  any  particular  depart- 
ment. Generally  each  department,  including  the  mechanical,  trans- 
portation and  maintenance  of  way,  attempt  to  show,  or  explain, 
that  the  real  difficulty  rests  with  the  other  fellow,  and  is  usually 
able  to  make  rather  a  strong  case  from  his  own  point  of  view ;  as 
there  are  usually  many  broken  wheels,  bent  axles  and  bady  dam- 
aged trucks  in  a  wreck,  it  is  difficult  to  reach  a  conclusion  as  to 
whether  some  of  them  caused  the  accident,  or  were  the  result  of  it. 
and  if  a  series  of  tests  could  be  conducted  with  some  machine,  as 
I  have  previously  suggested,  that  would  give  some  clear,  compre- 
hensive ideas  of  the  behavior  of  cars  of  different  types,  and  under 
the  different  conditions  mentioned.  When  running  and  at  the  same 
time  taking  note  of  the  track  condition,  or  in  some  manner  indi- 
cating the  point  where  the  readings  were  taken,  it  would  furnish 
excellent  means  for  not  only  checking  up  track  conditions,  but  it 
would  also  indicate  what  classes  of  cars  are  best  suited  for  cer- 
tain speeds.  I  am  quite  sure  the  results  would  not  only  be  very 
interesting,  but  useful,  valuable  and  welcome  information  to  the 
railway  managements. 

Mr.  Huels — At  the  University  we  have  a  lot  of  students  who 
have  to  write  a  thesis  before  they  graduate,  and  I  am  sure,  if  the 
railway  companies  and  men  like  Mr.  Symons,  who  have  these 
problems  to  work  out,  would  give  us  a  list  of  them,  we  might  be 
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able  to  put  some  of  the  students  to  work  on  them,  and  perhaps 
get  some  results  that  would  be  of  value. 

There  is  one  point  that  comes  up  in  connection  with  these  two 
kinds  of  train  lighting  sets  that  seems  to  be  of  considerable  interest. 
It  was  suggested  to  me  by  ]\Ir.  A.  J.  Farrelly,  Electrical  Engineer 
of  the  C.  &  N.  ^^^  Rv.  it  is  the  factor  you  might  call  the  gyro- 
scopic action  of  those  lighting  sets.  Take  a  bicycle  wheel  and 
hold  one  end  of  the  shaft  in  each  hand ;  if  the  bicycle  wheel  is  at 
rest  you  can  change  the  plane  of  the  wheel  very  readily ;  but  if 
the  wheel  is  set  to  spinning  rapidly  and  if  you  now  try  to  change 
the  plane  of  the  wheel,  there  is  a  resisting  pressure  on  your  hand. 
I  do  not  know  just  what  the  resisting  pressure  is,  but  the  greater 
the  number  of  revolutions  per  minute,  the  greater  is  the  resistance 
pressure  on  your  hand.  You  can  imagine  that  same  thing  taking 
place  in  a  lighting  set.  Take  a  Westinghouse  set,  running  at  400 
revolutions  per  minute ;  there  is  a  certain  gyroscopic  action  there. 
Take  the  Curtis  turbine,  running  at  3,600  revolutions ;  there  is 
certainly  a  greater  gyroscopic  action  there.  The  De  Laval  Steam 
Turbine  Co.  also  puts  out  a  lighting  set,  and  in  their  small  sizes 
the  sets  run  at  10,000  to  30,000  revolutions  per  minute.  There  cer- 
tainly must  be  a  still  greater  gyroscopic  action  in  a  De  Laval  set. 
In  addition  to  that  the  Westinghouse  people  have  a  shaft  5  or  6 
inches  in  diameter — not  smaller.  The  General  Electric  Co.  has  a 
shaft  about  that  size,  while  in  the  De  Laval  turbine  the  shaft  is 
as  small  aso  i  inch  or  less,  and  is  made  flexible  on  purpose.  The 
way  that  factor  comes  in  is  in  this  way :  take  your  equipment — say 
the  De  Laval — and  set  it  lengthwise  of  the  car ;  your  train  is  going 
40  miles  an  hour ;  suddenly  it  comes  to  a  bend  in  the  road,  which 
turns  the  set  around  suddenly.  The  question  is,  is  that  bend  great 
enough  to  spring  that  shaft  so  it  will  break?  Another  point  is,  is  the 
effect  of  that  gyroscopic  action  greater  when  the  lighting  set  is 
placed  lengthwise  of  the  car,  so  that  the  shaft  is  parallel  to  the 
axis  of  the  train,  or  greater  when  the  lighting  set  is  placed  cross- 
wise? You  sometimes  hear  of  a  train  lighting  set  coming  in  with 
a  broken  crank  shaft,  and  I  have  heard  of  a  Curtis  turbine  falling 
to  pieces  and  damaging  the  cab.  You  might  look  for  some  danger 
to  the  bearings  breaking,  due  to  this  gyroscopic  action.  That  is  a 
question  we  do  not  know  anything  about.  The  people  who  put 
out  those  engines  say,  "Well,  we  have  sets  that  ttre  running  all 
right."     But  it  is  a  problem  that  it  would  be  well  to  look  into. 

Mr.  F.  C.  Harper — Mr.  Symons  mentions  the  fact  of  flange 
breakage.  I  know  of  a  case  on  construction  track,  where  there 
was  an  excess  of  flange  breaking.  The  track  was  in  poor  condi- 
tion, as  is  usual  on  such  work,  and  tlie  tonnage  extremely  heavy. 
The  flange  breaking  caused  a  number  of  wrecks  and  was  such 
a  serious  detriment  in  the  operation  of  work  trains,  causing  directly 
and  indirectly  an  item  of  expense  so  entirely  out  of  proportion,  that 
the  railroad  company  sent  an   expert  down   to  look  at  the  wheel 


23:i  Discussion — I'lbralions  in  Passenger  Trains. 

flanges,  examining  them  rather  than  the  track  which  caused  the 
trouble.  It  occurs  to  me  that  possibly  if  they  had  examined  the 
track  more  closely  they  would  have  been  able  to  quickly  locate 
the  cause  of  the  trouble.  It  would  have  been  economy  in  the  con- 
struction of  the  track  to  have  spent  more  money  for  ballast,  etc., 
enabling  a  better  track  to  have  been  equipped,  and  incidentally  at 
a  less  expense  for  maintenance  and  broken  wheel  flanges. 
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THE  WORK  OF  THE  STATE  GEOLOGICAL  SURVEY. 

By  H.  Foster  Bain,  Director. 

Presented  February  6,  ipO/. 

About  two  years  ago  Mr.  A.  Bement  read  a  paper  before  this 
society  urging  the  need  of  a  State  Geological  Survey.  The  paper 
attracted  much  attention,  and  the  interest  aroused  by  it  was  a  large 
factor  in  bringing  about  the  passage  of  a  bill  providing  for  such 
an  organization.  The  Forty-fourth  General  Assembly  made  an  ap- 
propriation of  $25,000  per  year  for  the  first  two  years  for  beginning 
the  work.  Bills  are  before  the  present  General  Assembly  to  provide 
for  its  continuation  and  expansion.  As  many  of  you  were  interested 
in  getting  the  Survey  started  I  am  glad  of  an  opportunity  to  tell 
you  briefly  of  what  w-e  have  attempted  to  do,  of  w'hat  we  have  done, 
and  something  of  our  plans  and  hopes  for  the  future. 

The  older  notion  of  a  geological  survey  was  that  such  an  organiza- 
tion should  be  highly  scientific  and  only  incidentally  economical  in 
character.  We  are  hoping  that  our  own  w^ork,  while  not  one  bit 
less  scientific,  may  be  as  direct  and  practical  in  its  results  as  is  pos- 
sible to  make  it.  Formerly  geological  surveys  were  concerned  with 
the  study  of  mineral  resources  from  the  point-Of-view  mainly  of 
mode  of  occurrence  and  distribution.  To  this  we  are  adding  the 
study  of  their  utilization.  It  is  felt  that  at  least  certain  aspects  of 
the  preparation  of  materials  for  the  market  and  their  actual  mar- 
keting, are  of  sufficient  general  interest  to  warrant  their  inclusion 
among  our  studies.  It  is  important  to  know  thoroughly  the  strati- 
graphy of  our  Coal  Measures,  to  know-  intimately  the  occurrence 
and  distribution  of  the  various  coal  beds,  and  the  composition  and 
character  of  the  coals ;  but  we  want  also  to  know  the  facts  relating 
to  its  occurrence  in  the  ground,  the  character  of  roof  and  floor, 
of  gas  and  water,  which  must  enter  into  the  problems  of  mining  the 
coal,  both  from  the  point-of-view  of  safety  and  cost.  We  need 
thorough  studies  of  w^aste  in  coal  mining,  both  a\oidable  and  un- 
avoidable. We  need  also  data  relating  to  the  use  of  coal,  its  effi- 
ciency under  boilers  and  in  the  producer  or  gas  retort,  its  freedom 
from  smoke,  and  the  adaptability  of  the  different  market  grades  to 
particular  uses  or  trades.  Similar  studies  are  necessary  as  relates 
to  clay,  stone,  cement  materials,  glass  sands,  and  all  the  other  min- 
eral resources  of  the  State,  and  the  Geological  Survey,  either  alone 
or  in  co-operation  with  other  organizations,  should,  I  think,  do  what 
it  can  to  meet  this  demand  for  information.  We  have  accordingly 
interpreted  our  function  broadly,  and  where  we  have  failed  to  enter 
a  field  it  has  been  through  lack  of  men  and  money  rather  than 
through  lack  of  will  to  do.  Practically  we  have  so  far  found  it  im- 
possible to  take  up  more  than  a  small  portion  of  the  work  out- 
lined. 

The  Geological  Commission  was  organized  in  August,  IQ^S*  by 
the  appointment  of  Professor  T.  C.  Chamberlin  of  Chicago,  thus 
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completing  the  board  ;  the  other  and  ex-officio  members  being  Gover- 
nor C.  S.  Deneen,  and  President  E.  J.  James  of  the  State  Univer- 
sity. The  present  Director  was  selected  in  September,  but  owing  to 
other  engagements  was  unable  to  assume  the  duties  of  the  office, 
even  in  part,  until  Xovember.  Accordingly  we  have  so  far  had 
only  one  field  season.  This  accounts  in  part  for  any  apparent 
meagreness  of  results. 

TOPOGRAPHIC    SURVEYS. 

In  the  organization  of  the  Survey  two  major  lines  of  work  have 
been  recognized.  Topographic  and  Geologic.  As  was  contemplated 
bv  the  act  establishing  the  Survey,  the  topographic  work  has  been 
carried  on  in  co-operation  with  the  U.  S.  Geological  Survey,  under 
the  general  supervision  of  Mr.  H.  M.  Wilson,  Geographer  of  the  U. 
S.  Geological  Survey,  in  charge  of  the  Eastern  Division  of  Topo- 
graph and  under  the  immediate  direction  of  ]Mr.  C.  E.  Cooke  in 
1905  ;  and  in  1906  under  W.  F.  Herron,  Topographer  in  charge  of 
the  Central  Section.  The  members  of  this  society  are  already  famil- 
iar with  the  character  of  these  maps.  The  accompanying  map  and 
table  exhibit  better  than  words  just  what  areas  have  been  covered. 

During  the  field  season  of  1905  and  1906  there  were  mapped 
2,492  square  miles,  at  a  total  expenditure  for  field  and  office  work 
of  $39,735,  of  which  one-half  only  was  paid  by  the  State.  Including 
the  cost  of  primary  triangulation  and  precise  levels  and  uncom- 
pleted mapping,  this  is  at  the  rate  of  nearly  $16.00  per  square  mile. 
This  control  includes  a  large  amount  of  preliminary  work  toward 
future  topographic  surveying,  there  remaining  about  1,200  square 
miles  controlled  by  primary  triangulation  and  precise  leveling 
through  which  to  reduce  future  spirit  leveling  to  mean  sea  level. 

Topographic  surveying  will  have  been  completed  on  11  sheets 
during  the  two  years  of  co-operation.  The  following  tabular  state- 
ment gives  the  names  of  these  sheets,  their  area  within  the  State, 
scale,  contour  interval  and  year  mapped : 

TOPOGRAPHIC  ATLAS  SHEETS  MAPPED  BY  THE  STATE  AND  THE  UNITED 

STATES  GEOLOGICAL  SURVEYS  IN  CO-OPERATION. 

^      ,         ,  Area  Year  of     Contour         c^^i^ 

Quadrangle  M^nnpH         RnrvP.v       Tntfirval  ^^^^^ 


Mapped 

Belleville    223.28 

Breese    233.28 

Eldorado    235.66 

Galatia    235.66 

Mahomet    228.40 

Xew  Haven   ( Ill.-Ind..  Ky.) 192.78 

Springfield    229.22 

Urbana    228.40 

Waukegan    ( 111. -Wis. )    149.00 

Wheaton    225.50 

In  process  of  mapping: 

Tallula 211,00 


fear  of 
survey 

Contour 
Interval 

1905 

20 

1906 

20 

1905 

20 

1906 

20 

1905 

20 

1905 

20 

1905 

10 

1905 

10 

1906 

10 

1906 

10 

62500 
62500 
62500 
62500 
62500 
62500 
62500 
62500 
62500 
62500 


Total    2402.18* 

*  III  addiiion  90  s  .u  •  e  miles  were  mapped  over  the  edg(s  of  qiia<.!raiigUs  in  1906. 
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GEOLOGIC    WORK. 

At  the  beginning  it  was  decided  that  the  geologic  work  should  be 
temporarily  concentrated  upon  a  study  of  the  coals  and  clays  of  the 
State,  these  being  its  most  important  mineral  resources.  Provision 
was  made  for  a  small  amount  of  work  in  connection  with  water, 
oil,  lead  and  zinc,  and  general  stratigraphy  with  a  view  to  later  ex- 
pansion. It  was  not  found  practicable  with  funds  available  to  make 
any  investigation  of  the  cement  materials  or  any  other  than  a  most 
general  study  of  the  quarry  products  and  miscellaneous  non-metallic 
minerals.    Additional  funds  are  urgently  needed  for  this  work. 

Coal.  The  study  of  the  coal  and  coal  fields  of  the  State  has  been 
carried  on  both  in  the  field  and  office.  A  considerable  portion  of 
the  funds  of  the  Survey  have  been  devoted  to  stratigraphic  studies 
of  the  coal  measures,  since  a  thorough  knowledge  of  the  stratigraphy 
of  the  field  is  essential  to  its  economical  development.  Money  so 
spent  advances  the  study  of  the  associated  clays,  limestones,  cement 
materials,  water  and  other  minerals  as  well  as  coal. 

In  informal  co-operation  with  the  Federal  Survey  detailed  studies 
have  been  made  of  the  areas  adjacent  to  Peoria,  Springfield,  East 
St.  Louis  and  Eldorado.  It  is  proposed  to  continue  and  extend  this 
work,  particularly  in  the  southern  part  of  the  state,  so  as  to  cover 
first  the  regions  of  active  mining.  Arrangements  have  been  made 
for  beginning  the  revision  of  the  topographic  base  in  the  LaSalle 
coal  field  next  season.  This  is  to  be  followed  by  a  careful  strati- 
graphic  study. 

Investigations  of  the  composition  and  uses  of  coal  have  been 
taken  up  in  co-operation  with  the  Department  of  Applied  Chemistry 
and  the  Engineering  Experiment  Station  of  the  University.  The 
chemical  work  has  been  done  under  the  direction  of  Professor  Parr 
and  has  been  directed  to  a  study  of  both  the  ultimate  and  proximate 
composition  of  coals. 

A  whole  new  set  of  samples  have  been  cut  in  the  mine  from  a 
clean  face  of  coal,  taking  the  entire  workable  thickness  of  the  bed 
and  marking  on  an  accompanying  section  all  partings  included  as 
well  as  rejected  in  sampling.  The  samples  were  promptly  quartered 
down  and  shipped  in  an  air-tight  galvanized  iron  can  so  as  to  arrive 
in  the  laboratory  without  loss  or  gain  in  the  natural  moisture,  and 
are  now  being  analyzed.  Whatever  additional  sampling  may  prove 
later  to  be  necessary,  it  was  thought  that  the  first  step  must  be  the 
careful  determination  of  the  composition  of  the  coal  as  it  is  in  the 
ground. 

Preliminary  studies  on  the  efifect  of  weathering  on  the  fuel  values 
of  coal  have  been  also  taken  up.  In  connection  with  the  Engineer- 
ing Experiment  Station  a  study  of  washed  coals  has  been  begun. 
Itis  felt  that  better  preparation  of  coal  for  the  market  is  a  matter 
of  supreme  importance,  particularly  to  the  extent  that  it  may  reduce 
the  amount  of  smoke  made  in  burning.  The  Engineering  Experi- 
ment Station  has  underwav  a  series  of  boiler  tests  on  the  same  coal 
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washed  and  unwashed,  and   the   Survey   is   co-operating   with   the 
station  in  this  work. 

To  a  very  important  degree,  the  mode  of  occurrence  of  the  coal 
determines  the  methods  of  mining  and  the  cost  of  the  work. 
Thorough  studies  along  these  lines  are  highly  desirable.  A  begin- 
ing  has  been  made  in  connection  with  the  work  of  sampling  the 
veins  and  the  stratigraphical  work  already  discussed.  At  Peoria 
detailed  studies  have  been  made  of  the  puzzling  series  of  faults 
which  have  interfered  seriously  in  places  with  mining.  At  Spring- 
field the  "horsebacks"  have  been  investigated,  and  at  other  points 
in  the  State  similar  phenomena  have  been  under  view.  A  much  more 
thorough  and  complete  investigation  should  be  undertaken,  and 
undoubtedly  would  be  productive  of  results  of  value.  One  phase 
of  the  subject  of  pressing  importance  is  the  occurrence  of  gases  in 
mines  and  their  influence  in  causing  and  extending  explosions.  The 
loss  of  life  and  property  as  a  result  of  explosions  in  the  coal  mines 
is  a  constant  and  serious  burden.  In  the  six  years  ending  June  30, 
1906,  869  lives  were  lost  in  our  mines.  Of  these  226  were  due  to 
explosions  of  one  sort  or  another.  There  should  be  a  thorough  and 
comprehensive  investigation  of  the  entire  subject  to  the  end  that 
proper  precautions  may  be  adopted  to  prevent  or  minimize  this  loss. 
As  a  larger  number  of  deep  mines  is  opened  in  the  state  it  is  to  be 
expected  that  more  gas  will  be  encountered,  and  preparations  should 
be  made  to  meet  these  conditions.  A  certain  amount  of  waste  is 
inevitable  in  all  mining,  but  effort  should  be  directed  toward  reduc- 
ing it  as  much  as  possible.  A  first  step  toward  this  would  be  a  care- 
ful study  of  the  present  waste  and  its  causes.  It  has  been  recently 
stated  that  the  per  cent  of  w^aste  in  coal  mining  in  Illinois  is  greater 
than  in  any  other  state.  Whether  this  be  true  or  not  it  is  impossible 
to  say,  but  all  will  agree  that  whatever  the  amount,  it  is  too  much 
and  should  be  reduced.  This  is  an  important  subject  which  demands 
thorough  investigation. 

The  study  of  the  marketing  of  our  coals  is  less  directly  a  part 
of  the  Survey  work,  but  it  is  one  of  great  importance  and  may  be 
made  of  the  greatest  value  to  the  State.  For  some  years  the  capacity 
of  our  mines  has  been  ahead  of  the  demand,  and  with  the  increasing 
demand  for  smokeless  fuel  eastern  coals  have  cut  into  the  markets 
naturally  belonging  to  Illinois.  Much  good  can  be  done  by  dissemi- 
nating correct  information  regarding  methods  of  burning  so  as  to 
produce  the  minimum  of  smoke.  Probably  also  good  results  would 
follow  a  careful  study  of  the  particular  demands  of  our  natural 
markets  as  regards  size  of  coal. 

Clay.  The  investigations  of  the  clays  have  been  carried  on  in 
connection  with  the  Department  of  Ceramics  of  the  State  University. 
The  principal  work  of  the  year  has  been  a  study  of  paving  brick 
clays.  This  has  involved  visits  to  all  the  paving  brick  plants  of  the 
State,  with  a  study  of  their  processes  and  the  thorough  testing  of 
samples  of  their  products.  In  addition  barrel  samples  of  the  clay 
have  been  shipped  to  the  laboratory,  prepared  and  burned   under 
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known  conditions  and  results  noted.  For  purposes  of  comparison 
similar  samples  of  clay  and  brick  from  the  leading  plants  in  Ohio, 
Indiana,  Missouri,  and  Kansas  have  been  collected  and  also  tested. 
The  results  of  the  various  tests  are  now  being  tabulated,  and  a 
report  on  the  subject  will  be  ready  for  printing  shortly.  The  investi- 
gations show  not  only  that  we  have  large  resources  of  excellent  ma- 
terial in  Illinois,  but  also  throw  important  light  upon  the  technology 
of  paving  brick  making. 

A  second  line  of  investigation  taken  up  within  the  year  was  a 
preliminary  study  of  the  fire  clays  of  the  State.  In  all  forty-six 
clavs  were  examined,  and  of  these  thirty-nine  stood  a  fire  test  equiva- 
lent to  1670  degrees  centigrade  or  higher,  and  may  accordingly  be 
considered  refactory.  Many  of  the  remaining  may  be  used  in  situa- 
tions where  a  lower  heat  in  sufficient. 

Much  more  work  is  needed  on  the  fire  clays,  and  in  addition  the 
pottery  clays,  tile  clays,  terra  cotta  clays  and  various  building  clays 
demand  investigation.  Second  only  to  coal,  our  clay  working  in- 
dustries are  the  most  important  ones  founded  on  our  mineral 
resources. 

Oil  and  Gas.  Important  deposits  of  petroleum  were  discovered 
in  southeastern  Illinois  late  in  1904.  Shipments  began  in  June,  1905, 
and  by  August,  1906,  the  output  had  grown  to  800.000  barrels  for 
the  month.  This  development  has  been  exceedingly  gratifying. 
Promptly  after  the  organization  of  the  geological  branch  of  the 
survey,  steps  were  taken  to  make  a  proper  study  of  this  impori.ant 
new  mineral  resource.  In  April  and  May  the  entire  field  as  then  de- 
veloped was  studied  for  us  by  Professor  W.  S.  Blatchley  of  Indian- 
apolis, State  Geologist  of  Indiana,  and  an  experienced  oil  expert. 
Professor  Blatchley's  conclusions  were  most  encouraging,  and  his 
report,  forming  Bulletin  2  of  the  present  series,  was  promptly  sent 
to  the  printers 

The  oil  field  has  continued  to  develop  rapidly,  and  additional 
survevs  will  soon  be  necessary.  Large  volumes  of  gas,  estimated 
at  50,000,000  cubic  feet  per  day,  are  now  being  found. 

Educational  Bulletins.  Following  the  example  of  some  of  the 
other  Geological  Surveys,  we  have  planned  the  publication  of  a 
series  of  educational  bulletins.  Their  purpose  is  to  put  into  avail- 
able form  such  knowledge  as  will  help  those  who  are  not  geologists 
in  understanding  the  common  phenomena  of  their  own  regi'^-ns. 
Five  bulletins  have  been  undertaken.  One  of  them  has  been  com- 
pleted. The  field  work  for  three  others  has  been  essentially  com- 
pleted, while  the  work  for  the  fifth  is  under  way. 

Other  zi'ork.  jNIinor  investigations  of  lead,  zinc,  fluorspar,  silica 
quarry  products  and  other  materials  have  been  undertaken,  but  in 
general,  funds  have  been  lacking  for  any  adequate  study  along  these 
lines.  This  is  particularly  to  be  regretted  in  the  case  of  cement 
materials.  Since  1902  the  cement  industry  of  the  State  has  been 
nearly  stationary.  In  the  meantime  nine  new  plants  have  gone  into 
operation  in  neighboring  states,  and  a  number  of  others  are  now 
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building.  The  percentage  of  the  output  of  the  United  States,  made 
from  materials  abundant  in  Illinois,  has  jumped  from  21.4  to  35.9, 
and  the  increased  demand  for  cement  has  been  enormous.  Enough 
is  known  to  indicate  that  there  is  an  abundance  of  cement  making 
materials,  particularly  in  the  southern  part  of  the  State.  The  large 
fuel  supplies  available,  the  good  transportation  facilities  enjoyed, 
and  the  fortunate  geographic  situation  of  Illinois,  entitle  it  to  a 
greater  share  in  the  increased  cement  production. 

Publications.  Three  bulletins  and  one  statistical  circular  have 
been  printed  and  distributed.  Manuscripts  for  four  additional  bulle- 
tins are  now  in  hand  and  being  prepared  for  the  printer.  In 
addition  a  number  of  reports  are  in  a  more  or  less  advanced  state 
of  preparation. 

Information  bureau.  One  very  important  portion  of  the  State 
Survey  work  is  the  answering  of  inquiries  regarding  the  mineral 
resources  of  the  State.  These  inquiries  come  from  all  classes  and 
from  all  parts  of  the  State  as  well  as  United  States.  Land  owners, 
manufacturers,  miners,  mine  operators,  oil  prospectors,  lawyers, 
teachers,  railway  industrial  agents  and  many  others  have  availed 
themselves  of  the  services  of  the  Survey  in  the  last  year. 

Wafer  resources.  Adequate  supplies  of  pure  water  for  municipal 
and  industrial  purposes  are  becoming  harder  to  obtain  year  by 
year.  As  the  population  becomes  denser  this  difficulty  is  likely  to 
increase.  Since  the  distribution  and  occurrence  of  water  is  a  geo- 
logical problem,  the  Survey  has  taken  up  studies  designed  to  throw 
light  upon  the  sources  of  water  supply.  In  this  work  it  has  co-op- 
erated with  the  State  Water  Survey,  the  Engineering  Experiment 
Station,  and  the  U.  S.  Geological  Survey,  in  certain  general  studies. 
The  detailed  study  of  the  water  resources  of  the  East  St.  Louis 
District  was  also  undertaken  in  June.  The  report  has  been  finished 
and  illustrations  are  now  being  prepared.  Many  points  of  interest 
to  the  water  users  were  found,  and  it  is  believed  that  conclusions 
will  prove  of  large  value  to  the  people  of  the  district  concerned. 

Another  line  of  investigation,  which  it  has  been  suggested  the 
Geological  Survey  should  take  up,  relates  to  the  swamp  and  over- 
flowed lands,  the  action  of  rivers,  and  the  method  of  drainage.  Large 
areas  of  land  have  already  been  reclaimed  by  drainage,  atid  many 
local  drainage  districts  are  now  in  existence.  When,  however,  the 
problem  of  the  control  of  a  whole  river  such  as  the  Sangamion,  Kas- 
kaskia,  Embarass  or  Little  Wabash  is  approached,  it  is  at  once 
found  that  the  data  are  not  now  available  upon  which  to  plan  a 
comprehensive  and  economical  system.  Numerous  stream  gaugings 
are  needed,  the  area  of  the  water  shed,  the  rainfall  and  the  course 
of  the  main  river  and  its  tributaries  must  be  studied  if  the  best 
system  of  river  control  is  to  be  adopted.  The  topographic  maps 
now  being  made  by  the  Survey  will  aiTord  much  of  the  data,  but 
other  material  can  only  be  obtained  as  a  result  of  special  study. 
Land  is  becoming  exceedingly  valuable  in  Illinois,  and  a  wise  pro- 
vision for  the  future  would  suggest  the  reclaiming  of  every  available 
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acre.  In  order  to  prevent  waste  and  misdirection  in  expenditure  a 
certain  amount  of  preliminary  study  sould  be  devoted  to  the  prob- 
lem, and  at  the  same  time  the  surveys  of  the  river  valleys  should  be 
advanced  as  rapidly  as  possible.  While  there  have  been  numerous 
demands  for  the  Survey  to  take  up  this  work,  the  Director  and  the 
Commissioners  have  not  felt  free  to  do  so,  with  the  resulting  diver- 
sions of  funds  from  other  lines  of  investigation.  It  is  accordingly 
proposed  to  ask  the  present  General  Assembly  for  a  special  appro- 
priation so  as  to  enable  a  field  party  to  be  organized  for  this  par- 
ticular work.  The  special  surveys  of  the  river  bottoms  can  then 
be  pushed  in  advance  of  the  regular  topographic  survey,  at  the  same 
time  that  stream  gauging  and  stream  study  may  be  taken  up.  Out 
of  this  work  data  will  come  for  the  planning  of  a  wise  and  economical 
scheme  of  reclamation. 

Plans.  For  the  next  two  years  the  work  of  the  Survey,  if  legis- 
lative approval  be  secured,  will  consist  of  a  gradual  expansion  of 
the  present  scheme  of  topographic  mapping  and  stratigraphic  studies. 
It  is  proposed  to  continue  the  special  investigation  of  coal  and  clay, 
to  inaugurate  similar  studies  of  cement  materials,  and  of  quarry 
products,  and  to  make  special  studies  of  coal  mining  conditions  as 
related  to  explosions  and  waste  in  mining.  Finally  it  is  hoped  that  a 
beginning  may  be  made  in  the  survey  of  the  swamp  and  overflow 
lands  and  the  study  of  the  means  necessary  to  control  our  inland 
rivers. 


CO-OPERATIVE  TOPOGRAPHIC  SURVEY  OF  ILLINOIS. 
Wm.  H.  Herrox,  of  U.  S.  Geological  Survey. 

To  produce  an  accurate,  and  satisfactory  map  of  any  extended 
area,  such  as  a  state,  its  relative  location  upon  the  earth's  surface 
must  first  be  fixed"  To  do  this  the  geographic  positions  of  a  large 
number  of  points  must  be  determined. 

The  three  methods  employed  are  by  astronomical  observation,  by 
extending  triangulation  from  points  whose  positions  have  been 
previously  determined,  and  by  primary  traverse,  which  consists  in 
determining  new  positions  (from  old  ones  previously  established) 
by  a  series  of  linear  measurements  combined  with  angles,  similar  to 
the  method  of  running  a  preliminary  railroad  line  with  a  transit. 

These  three  operations,  together  with  the  careful  determination  of 
a  system  of  elevations,  are  included  in  the  term  "primary  control." 

In  inaugurating  the  co-operative  topographic  survev  of  Illinois  in 
1905  the  utilization  of  all  available  data  for  primary  control  was 
carefully  considered. 

The  triangulation  of  the  U.  S.  Lake  Survey,  extending  from 
the  Wisconsin  state  line  southward  along  the  eastern  side  of  the 
state  as  far  as  Crawford  County  was  available  for  controlling  that 
portion  of  the  state's  territory.  The  southern  terminus  of  this 
triangulation   intercepted  the  trans-continental  triangulation  of  the 
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U.  S.  Coast  and  Geodetic  Survey,  the  trans-continental  work  ex- 
tending westward  from  Crawford  County  to  St.  Louis,  furnishing 
excellent  control  in  the  southern  part  of  the  state. 

The  triangulation  of  the  Mississippi  River  Commission  extending 
from  Cairo  to  Dubuque  controls  the  western  boundary  of  the  state  for 
the  entire  length,  and  the  U.  S.  Engineers'  survey  of  the  Illinois 
river  extending  from  the  vicinity  of  Alton  to  Chicago,  gives  a  sec- 
ond connection  of  the  Mississppi  river  data  with  that  of  the  U.  S. 
Lake  Survey. 

The  precise  level  lines  along  the  Mississippi  river  for  the  entire 
west  boundry  of  Illinois ;  along  the  Illinois  river  from  its  mouth 
to  Joliet  and  across  to  Chicago ;  along  the  Ohio  river  from  its  mouth 
to  the  Indiana  state  line ;  from  East  St.  Louis  to  Vincennes,  Indiana ; 
from  Cairo  to  Sandoval ;  and  from  Chicago  westward  to  Savanna 
along  the  Chicago,  Milwaukee  and  St.  Paul  R.  R.  furnishes  a  well 
distributed  basis  for  the  expansion  of  our  system  of  levels  for  the 
determination  of  elevations. 

The  utilization  of  this  data,  all  of  which  is  of  most  excellent  qual- 
ity, means  an  enormous  saving  of  funds  in  completing  a  topo- 
graphic map  of  the  state.  During  the  two  years'  progress  of  the 
work  we  have  run  additional  precise  level  lines  in  such  manner 
as  to  further  divide  the  state  into  districts.  In  conformity  with  the 
practice  of  the  federal  survey  the  entire  area  of  the  state  has  been 
divided  into  quadrangles  by  parallels  of  latitude  and  meridians  of 
longitude  ;  this  division  has  great  advantages  in  the  way  of  uniform- 
ity in  size  of,  and  ease  of  reference  to  the  dififerent  sheets.  The 
approximate  area  of  each  quadrangle  is  about  220  square  miles. 

The  first  field  work  consists  naturally  of  extending  the  primary 
control  from  points  already  established  to  the  area  selected  for 
mapping. 

The  method  principally  employed  in  Illinois  for  the  past  two 
seasons  for  horizontal  control  has  been  that  of  primary  traverse 
around  the  borders  of  each  quadrangle  in  the  proposed  area  for  sur- 
vey, which  has  been  started  from  a  previously  determined  position, 
(usually  a  triangulation  station  of  one  of  the  various  belts  of  tri- 
angles heretofore  enumerated),  lines  being  run  in  closed  circuits. 
Additional  horizontal  control  is  furnished  on  many  sheets  from  tri- 
angulation points  located  within  the  area. 

The  primary  traverse  consists  of  alignment  accomplished  by  series 
of  angles  measured  with  engineer's  transit  and  distances  obtained 
with  a  three-hundred  foot  steel  tape  which  is  used  with  a  uniform 
tension  of  20  pounds,  by  means  of  a  spring  balance  at  the  front  end 
of  the  tape.  The  alignment  is  checked  by  observations  on  Polaris  at 
the  end  of  each  day's  work  when  practicable,  and  azimuth  stations 
are  not  more  than  ten  miles  apart  except  on  long  tangents. 

Permanent  marks,  either  standard  bronze  tablets  or  iron  posts, 
are  placed  at  each  corner  of  a  quadrangle  with  an  intermediate  one 
on  each  of  the  four  sides. 

The  positions  of  practically  all  section   corners,   important  road 
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junctions,  and  important  points  along  the  route  of  the  primary 
traverse  hne  are  computed  and  furnished  the  topographer  for  use 
on  his  field  sheet  as  a  base  for  development  of  the  detailed  plane- 
table  work. 

The  vertical  primary  control  is  secured  by  means  of  a  primary  level 
line  run  in  circuit  around  and  across  the  quadrangle  starting  from 
some  previously  established  datum.  This  initial  datum  is  usually 
a  point  on  one  of  the  many  lines  of  precise  levels  heretofore 
described. 

The  instrument  most  in  use  for  primary  level  lines  is  a  20  inch 
wye  level.  The  maximum  error  (in  feet)  allowable  on  such  lines 
is,  0.05  times  the  square  root  of  the  distance  in  miles.  Permanent 
metal  bench  marks  are  left  not  farther  than  three  miles  apart  along 
the  lines  of  levels,  and  the  routes  are  so  planned  that  at  least  one 
bench  mark  shall  be  placed  in  each  township  or  equivalent  area. 

The  primary  parties  are  followed  by  traversemen  and  secondary 
levelmen.  The  traverseman  with  a  15  inch  planetable,  compass,  and 
sight  alidade,  surveys  each  highway  and  railroad  on  the  area,  obtain- 
ing distances  with  wheel,  tape,  or  stadia.  He  locates  stream  cross- 
ings, railroad  crossings,  houses,  and  section  corners  and  sketches 
timber  areas,  along  his  routes  of  traverse  and  ties  his  lines  to 
points  of  the  primary  control.  He  makes  no  attempt  to  adjust  his 
work  on  this  sheet  but  indicates  clearly  each  error  of  closure.  All 
towns  of  two  thovisands  inhabitants  or  more  are  surveyed  on  double 
the  field  scale. 

The  secondary  levelman,  equipped  usually  with  a  15  inch  level 
starting  from  some  point  on  the  primary  level  line,  extends  the 
lines  of  elevations  over  practically  all  roads  within  the  area  to  be 
mapped.  These  lines  are  arranged  in  circuits  and  are  either  closed 
upon  themselves  or  on  other  points  of  the  primary  lines.  Eleva- 
tions are  painted  up  at  all  road  crossings  and  junctions  and  at  fre- 
quent intervals  along  his  routes.  His  circuits  are  comparatively 
short,  and  his  bench  marks  are  temporary  in  character,  the  object 
of  his  work  being  to  supply  information  to  the  topographer  who  is 
to  follow  him  immediately.  He  works  therefore  much  more  rapidly 
than  the  primary  levelman  and  the  standard  of  accuracy  not  being 
so  high  the  cost  is  comparatively  reduced. 

The  final  field  work  for  the  topographic  maps  is  accomplished 
by  the  expert  topographer,  who  is  provided  with  a  planetable  and 
telescopic  alidade. 

Before  taking  up  the  actual  work  of  the  field  he  has  constructed 
upon  his  field  sheet  a  polyconic  projection  of  the  area,  to  which  has 
been  referred  all  points  of  primary  control.  The  work  of  the 
traverse  man  is  then  adjusted  and  transferred  to  this  previously 
controlled  sheet. 

This  data  in  addition  to  the  elevations  established  by  the  level 
parties  furnishes  him  an  accurate  basis  for  the  development  of  such 
additional  information  as  is  necessary  for  the  sketching  in  of  the 
contour  lines.    The  sketching  of  relief  is  one  of  the  most  important 
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features  of  the  field  work  and  is  assigned  to  men  of  experience  and 
skill. 

The  sheets  already  published  or  in  process  of  publication  in  Illi- 
nois since  cooperative  work  began  are : 

In  Southern  portion  In  central  portion  In  northern  portion 

of  State  of  State  of  State 

New  Haven  Springfield  Wheaton 

Eldorado  Tallula  Waukegan 

Galatia  Mahomet 

Belleville  Urbana 
Breese 

New  Haven,  Eldorado,  and  Galatia  sheets  are  controlled  hori- 
zontally by  a  primary  traverse  line  starting  from  the  U.  S.  Coast 
and  Geodetic  triangulation  point  near  the  state  line  in  Knox  county, 
Indiana,  and  checked  upon  the  astronomic  position  at  Henderson. 
Kentucky ;  and  vertically  by  lines  of  primary  levels  surrounding 
each  sheet  started  from  a  point  on  the  trans-continental  precise 
level  line. 

The  Belleville  and  Breese  sheets,  horizontally  by  primary  trav- 
erse line  starting  and  closing  on  triangulation  points  of  the  U.  S. 
Coast  and  Geodetic  Survey,  and  vertically  by  primary  level  line 
starting  and  closing  on  the  trans-continental  precise  level  line. 

The  Springfield  and  Tallula  sheets,  horizontally  by  primarv 
traverse  line  starting  from  a  triangulation  position  of  the  Missis- 
sippi River  Commission  on  the  Mississippi  river  and  closing  on  the 
triangulation  position  of  the  U.  S.  Engineers'  Survey  of  the  Illinois 
river ;  and  vertically,  by  a  primary  level  line  starting  and  checking 
on  points  of  the  IJ.  S.  Engineers'  survey  of  the  Illinois  river. 

Mahomet  and  Urbana  sheets,  horizontally  by  primary  traverse 
line  starting  and  closing  on  triangulation  points  of  U.  S.  Lake  sur- 
vey ;  and  vertically,  by  primary  level  lines  carried  from  Pekin,  Illi- 
nois, from  the  U.  S.  Engineers'  survey  of  the  Illinois  river. 

\Mieaton  and  Waukegan  sheets,  horizontally  by  primary  traverse 
lines  developed  from  and  checked  upon  U.  S.  Lake  survey  triangu- 
lation points ;  and  vertically,  by  primary  level  lines  starting  from 
points  on  U.  S.  Engineers'  precise  line  from  Chicago  to  Savanna. 

DISCUSSION. 

President  Abbott — I  should  like  to  discuss  Dr.  Bain's  paper  from 
a  learned  standpoint  if  I  were  able ;  fortunately  we  have  with  us 
a  number  who  are  able.  Some  of  these  I  will  call  upon,  and 
and  then  I  hope  we  may  have  general  discussion. 

Dr.  U.  S.  Grant — I  take  it  as  a  matter  of  irony  that  I  should 
be  called  upon  to  discuss  the  matter  learnedly.  It  occurred  to  me, 
when  Dr.  Bain  was  talking,  and  when  he  said  he  was  not  going  to 
give  any  reasons  for  his  existence,  that  he  has  given  the  very  best 
reasons  for  his  existence  that  could  be  given.     I  think  Dr.   Bain 
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must  be  somewhat  of  a  politician,  for  we  all  know  that  he  asso- 
ciates a  good  deal  with  politicians  in  Springfield. 

There  are  some  interesting  features  in  the  map  which  shows 
the  red  question  marks.  It  occurred  to  me  that  Dr.  Bain  would 
have  done  well  if  he  had  put  on  the  map  by  means  of  some  lines 
other  than  red,  the  localities  where  he  answered  questions  satis- 
factorily. I  also  think  he  might  have  shown  on  that  map  by  some 
golden  lines  the  localities  where  his  answers  brought  fees  to  the 
members  of  this  Society.  I  notice  that  the  northeast  corner  of 
the  map  has  a  large  collection  of  question  marks,  and  that  leads 
me  to  think  that  the  people  in  the  locality  of  Chicago  are  great 
seekers  after  the  truth. 

Dr.  Bain  has  spoken  of  some  work  having  been  done  by  the 
State  Survey  in  lead  and  zinc.  Last  summer  in  the  northwest 
corner  of  the  state  a  little  work  was  done  in  the  heart  of  the  lead 
and  zinc  district,  in  the  way  of  producing  a  detailed  map  of  a 
small  area.  This  map  is  of  small  size,  but  on  a  scale  of  4  in. 
to  the  mile,  showing  10  ft.  contour  intervals,  and  gives  accurate 
levels  in  many  places.  Drawn  from  these  levels  and  other  data 
are  contour  lines  on  the  base  of  the  Galena  limestone,  which  marks 
the  depth  to  which  the  mining  will  usually  be  carried.  We  were 
able  to  show,  by  means  of  these  contour  lines,  the  form  of  the 
surface  of  the  base  of  this  limestone,  and  to  show  also  the  actual 
depth  at  any  particular  point  to  the  bottom  of  the  ore  horizon. 
We  were  able  in  Wisconsin  to  be  of  considerable  service  in  this 
same  line,  and  many  drills  and  shafts  have  been  sunk  since  the 
maps  were  made,  and  in  many  cases  the  depths  to  the  bottom  of 
the  ore-bearing  formation  have  been  found  to  check  up  within 
three  or  four  feet  of  what  was  predicted  on  the  maps. 

Another  point  is  that  the  ore  deposits  there  are  laid  largely  in 
synclinal  basins,  and  the  existence  of  those  basins  are  so  closely 
shown  by  the  contours  as  to  enable  one  to  tell  the  favorable  places 
for  prospecting. 

The  talk  which  Dr.  Bain  gave  brought  to  my  mind  another  idea, 
and  that  is  the  change  which  has  taken  place  in  the  attitude  of 
geological  surveys  towards  economic  work  in  the  last  20  or  25 
years,  and  I  might  also  say  the  change  that  has  taken  place  in 
the  attitude  of  the  geologist  toward  the  mining  man.  Some  few 
years  ago  the  mining  man  looked  upon  the  geologist  as  a  mild 
sort  of  lunatic,  and  the  geologist  looked  upon  the  mining  man  in 
an  almost  equally  uncomplimentary  way ;  but  present  develop- 
ments have  shown  that  the  geologist  and  mining  man  are  getting 
close  together.  It  seems  to  me  that  this  State  Survey  work  will 
be  of  great  assistance  to  both  classes  of  individuals,  and  that  the 
work  is  not  only  of  economic  character,  but  also  of  the  very  high- 
est scientific  grade.  I  think  we  are  to  congratulate  ourselves  and 
the  State  that  this  kind  of  work  is  being  done  by  our  Survey. 

Mr.  W.  W.  Atzvood — What  I  have  to  say  is  hardly  in  the  nature 
of  a  discussion,  so  I  have  not  the  right  to  take  up  much  time. 
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I  notice  that  Dr.  Bain  has  said  nothing  about  one  of  the  maps 
exhibited.  I  refer  to  the  geological  map  that  shows  the  general 
distributions  of  the  formations  which  underlie  the  State.  Such  a 
map  will  be  very  valuable  to  engineers  and  geologists. 

I  was  specially  interested  in  hearing  his  reports  of  dikes  in  the 
southern  part  of  the  State.  From  the  scientific  standpoint  these 
finds  are  of  peculiar  interest. 

One  line  of  work  which  Dr.  Bain  would  speak  of  as  secondary 
and  one  of  the  minor  lines  as  far  as  the  Survey  is  concerned,  is 
the  preparation  and  the  publication  of  a  series  of  educational  bulle- 
tins. This  Survey  has  appreciated  the  fact  that  a  great  deal  of 
scientific  work  has  its  greatest  value  as  an  educational  force.  I 
know  that  the  Commission,  with  Dr.  Bain,  are  working  out  a  series 
of  Bulletins,  which  will  be  immediately  valuable  in  certain  regions, 
and  in  a  general  way  valuable  to  every  citizen  of  the  State.  There 
are  a  number  of  men  at  work  and  these  Bulletins  will  be  published 
as  fast  as  it  is  possible  to  get  them  ready.  I  know  he  has  had  men 
at  work  in  the  East  St.  Louis  region,  one  along  the  Mississippi  and 
another  along  the  Illinois.  Such  Bulletins.  I  believe,  are  going 
to  help  the  Survey  to  continue  to  get  its  appropriation,  for  they 
will  be  appreciated  by  many  people  who  would  not  otherwise 
receive   any   benefit    from   the    Survey. 

The  Wisconsin  Survey  has  published  a  similar  series  of  edu- 
cational papers  which  have  been  very  satisfactory.  Of  course 
they  would  not  be  immediately  interesting  to  members  of  this  So- 
ciety in  their  regular  work  as  engineers,  but  to  those  engaged  in 
instructing  the  young  people  of  the  State,  this  is  a  valuable  con- 
tribution. I  would  ask  if  there  are  not  some  points  in  connec- 
tion with  the  geological  map  that  Dr.  Bain  did  not  bring  out  and 
which  he  would  like  to  bring  out  now? 

Mr.  Geo.  S.  Rice  (m.w.s.e.) — Referring  to  the  map — like  any 
first  production  of  this  sort,  I  think  it  has  been  put  up  to  throw 
things  at.  I  myself,  have  had  occasion  to  make  a  few  comments 
and  ofifer  a  few  corrections  in  detail.  The  map  is  certainly  of 
very  great  interest,  and  I  presume  Dr.  Bain  will  speak  of  it  later. 

Dr.  Grant  has  referred  to  the  Survey  having  found  igneous 
matter  in  the  coal  in  the  southern  part  of  the  State.  This  suggests 
that  there  may  be  a  mass  of  geologically-recent  igneous  matter 
concealed  below  the  coal  formation  in  certain  localities  in  that 
part  of  the  §tate.  It  will  be  interesting  to  know  what  influence 
this  has  had  in  the  neighboring  coal  field  beyond  the  immediate  vi- 
cinity of  the  dike.  I  think  it  is  generally  accepted  that  a  move- 
ment, such  as  the  Ozark  uplift,  has  the  efifect  of  kneading  the 
coal,  and  often,  as  in  the  far  west,  if  the  coal  contains  a  good  deal 
of  moisture,  it  has  the  efifect  of  lessening  the  percentage  of  mois- 
ture in  the  coal,  increasing  the  fixed  carbon,  etc. 

Returning  to  the  mining  features,  I  think  that  it  will  be  a  val- 
uable thing  if  the  Survey  can  bring  to  the  minds  of  all  of  us — more 
particularly,  perhaps,  the  owners  of  coal  land,  as  well  as  the  pub- 
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lie  in  general — the  tremendous  losses  now  going  on  in  connection 
with  the  mining  of  coal.  I  think  Dr.  Bain  is  correct  in  saying  that 
there  is  probably  more  waste  in  Illinois  than  most  any  other  State, 
partly  owing  to  the  roof  of  a  vein,  which  requires  very  large  pil- 
lars, and  also  to  the  softness  of  the  bottom.  In  mining,  if  there  are 
not  sufficient  pillars  left,  the  strong  roof  pushes  the  coal  down  into 
[he  bottom,  causing  much  expense.  The  first  thought  that  comes  to 
the  mining  man  is  that  he  will  simply  increase  the  size  of  his  pil- 
lars, and  we  have  a  condition  in  many  mines  where  50  per  cent,  of 
the  coal  is  in  pillars.  They  do  not  take  those  pillars  out,  and 
when  the  mine  is  abandoned  the  rooms  are  shut  up,  the  tracks 
withdrawn,  etc.,  and  it  would  be  expensive  to  open  up  the  work- 
ings again.  Under  the  State  law  the  mining  companies  file  with 
the  State  Inspectors  the  maps  of  the  mines,  but  as  far  as  my 
knowledge  goes  the  State  Inspectors  are  not  given  facilities  for 
keeping  these  records,  and  so,  if  you  go  to  any  Mine  Inspector  and 
request  permission  to  see  certain  maps,  the  result  is  generally  that 
they  cannot  be   found. 

As  the  mining  interests  become  greater,  and  more  and  more 
mines  are  worked  out  and  abandoned,  it  is  important  that  those  rec- 
ords should  be  preserved,  not  only  for  safety  of  life,  but  from  eco- 
nomic conditions,  because  if  you  do  not  know  what  are  the  limits 
of  the  old  workings,  you  are  bound  to  leave  excessive  barrier  pil- 
lars. 

I  think  it  is  easy  to  see  one's  way  clear  to  improve  the  mining 
conditions  under  the  present  system.  The  trouble  is,  coal  is  too 
cheap  from  the  standpoint  of  the  operator,  so  he  is  not  given 
much  leeway.  It  is  usually  cheaper  to  leave  large  pillars  for  the 
roof  than  to  remove  them.  Alost  mining  men  who  are  conversant 
with  mining  systems  know  that  the  coal  can  be  gotten  out  if  re- 
quired. It  is  largely  a  system  of  blocking  out  the  ground,  driv- 
ing steel  entries,  putting  in  rooms,  withdrawing  the  pillars  as 
fast  as  the  rooms  are  up,  and  allowing  the  work  to  cave  behind 
within  each  block.  Of  course  each  case  needs  special  study — 
the  depth,  from  the  surface,  the  character  of  the  coal  itself,  char- 
acter of  roof,  floor,  etc.,  all  enter  into  the  calculations.  I  think 
it  will  be  a  splendid  thing  if  the  Survey  can  give  us  some  data  on 
which  to  work  along  these  lines,  obtain  figures  for  the  strength 
of  sample  roof  material,  treating  the  roof  as  a  beam.  In  regard 
to  the  bottom  or  floor,  that  should  be  studied  to  see  what  pressure 
would  cause  the  material  to  "flow"  as  the  pillar  may  be  pushed 
down  into  it,  also  to  find  the  crushing  strength  of  the  coal. 

President  .-Abbott — I  think  Mr.  Rice  has  explained  why  there 
is  such  great  waste  of  coal  in  Illinois  mining.  If  the  mine  owner 
:an  buy  coal  in  the  ground  at  a  cost  of  less  'than  3^c  per  ton, 
and  if  it  would  cost  him  5c  per  ton,  or  more,  to  remove  the  pillars, 
(possibly  it  would  cost  a  good  deal  more  than  that),  it  shows  at 
once  that  it  would  be  more  advantageous  to  the  operator  to  carve 
into  nature's  store-house,  grab  what  he  can  most  easily,  and,  like 
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a  vandal,  destroy  the  rest  so  no  one  else  can  get  it,  rather  than  to 
devote  one  or  two  extra  years  at  a  great  first  cost  to  drive  the  en- 
tries to  the  extreme  end  of  his  property,  and  begin  there  to  mine 
backwards,  pulling  the  pillars  behind  him.  Moreover,  such  a 
method  of  mining  would  let  down  the  roof  and  break  up  the  sur- 
face, which  he  does  not  own  as  a  rule,  and  it  is  worth  several  times 
as  much  as  he  has  paid  for  the  coal.  It  has  always  seemed  to  me 
a  pity  that  posterity  could  not  step  in  and  legislate  against  the 
destruction  of  these  great  deposits  of  coal  which  have  been  laid 
up  for  their  use,  and  so  much  of  which  are  being  wasted  by  oper- 
ators. 

Mr.  Bcmcnt  (m.w.s.e.): — I  do  not  propose  to  offer  an  exten- 
sive discussion  to  Dr.  Bain's  paper,  but  rather  to  make  a  few  sug- 
gestions. 

The  matter  of  coal  analysis  or  determination  of  coal  values  is  one 
of  rapidly  increasing  importance.  Nearly  every  geological  sur- 
vey has  done  sqme  work  along  this  line.  In  the  past,  however,  it 
has  not  been  sufficiently  comprehensive  to  be  of  much  worth.  The 
disposition  has  been  rather  to  devise  some  plan  of  fuel  ratios  as 
the  most  important  feature ;  for  example,'  such  as  the  Second 
Pennsylvania  Survey- — schemes  which  have  little  or  no  useful  ap- 
plication. Requirements,  however,  are  becoming  more  exact  and 
there  is  an  absolute  necessity  and  demand  for  comprehensive  and 
accurate  moisture,  ash  and  heating  power  values,  because  it  is  rap- 
idly becoming  the  practice  to  buy  and  sell  coal  under  specifications 
very  much  as  with  steel ;  the  information  thus  far  publicly  avail- 
able is  of  little  or  no  value  and  at  the  best  only  confusing.  The 
reason  for  this  is,  that  analytical  work  has  not  been  based  on  proper 
sampling,  although  the  matter  of  securing  correct  heating  power  is 
one  which  has  not  been  satisfactorily  worked  out.  Improvement 
may  be  made  in  reporting  coal  analysis  so  that  it  will  be  more  read- 
ily useful  and  understood,  by  stating  ash  values  on  dry  basis  and 
heating  power  on  the  pure  coal  basis ;  thus  values  are  readily  com- 
parable and  calculations  more  easily  made.  These  individual  state- 
ments should  accompany  the  combination  of  values  in  'the  usual 
moist  coal  composition,  in  which  form  chemists  usually  present  re- 
sults. 

The    reporting   of    the    factitious    values    known    as    "air-dried" . 
moisture  should  be  abandoned.     This  is  a  suggestion  which  I  re- 
peat at  this  time,  and  shall  do  so  as  long  as  chemists  continue  to 
employ   this    feature. 

The  amount  of  chemical  work  which  the  survey  should  dD  will 
have  to  be  settled  by  the  people  of  the  state,  because  it  will  cost  a 
considerable  amount  of  money  to  do  it  right  and  this  fact  must  be 
realized.  The  importance  of  having  correct  data  regarding  fuel 
values  is  very  great,  and  as  an  illustration  in  this  connection  I  have 
made  some  figures.  Assuming  that  the  coal  production  of  Illinois 
is  38,000,000  tons  per  annum  ;  at  a  value  of  $2.00  per  ton  it  would 
make  a  total  of  $76,000,000,  of  which  amount  on  a  mine  run  basis 
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under  present  conditions,  tliere  is  $11,400,000  paid  for  ash  which 
the  operator  is  compelled  to  sell  and  the  consumer  to  buv.  It  is, 
of  course,  impossible  to  entirely  eliminate  ash  from  coal,  but  the 
present  approximate  average  of  15  per  cent,  in  mine  run  coal  is 
"too  high.  It  is  entirely  probable  that  it  should  not  average  above 
10  per  cent.,  therefore  the  excess  of  ash  of  15  over  10  per  cent, 
equals  for  its  weight  alone  at  $2.00  per  ton,  a  sum  of  $3,800,000 
pr  annum.  This,  however,  does  not  represent  the  full  damage,  as 
on  page  557  of  Vol.  II,  Journal  JVcsfcrn  Society  of  Engineers, 
there  is  a  curve  showing  efficiency  obtained  in  steam  generation 
with  coal  containing  varying  percentages  of  ash,  from  which  it 
would  appear  that  in  addition  to  loss  due  to  the  actual  weight  of 
the  ash,  its  presence  interferes  with  the  combustion  a  sufficient 
amount  to  increase  the  loss  to  $4,016,600,  and  if  the  Geological 
Survey  could  point  out  a  way  to  save  one-fourth  of  this,  it  would 
justify  the  expenditure  of  a  very  much  larger  sum  than  Dr.  Bain 
will  probably  ever  feel  like  asking  for.  The  cause  of  this  ash  in 
the  coal  is  due  to  the  carelessness  and  recklessness  of  miners,  as 
well  as  their  failure  to  clean  the  coal. 

There  are  three  great  evils  in  coal  production ;  one  is  the  great 
quantity  of  ash  regarding  which  I  have  already  spoken  ;  another 
is  the  excessive  quantity  of  fine  stuff  produced  by  reckless  blasting, 
w'ith  its  attendant  dangers,  and  the  other  is  the  enormous  loss  in 
coal  due  to  bad  mining  methods  and  practice  of  leaving  pillars. 
This  latter  is  something  to  which  Dr.  Bain  has  referred  and  is  a 
matter  which  does  not  actually  concern  us  at  the  present  time,  but 
if  the  people  of  the  state  are  going  to  leave  a  larg  debt  for  future 
generations  to  pay  oft',  it  should  also  conserve  out  assets  for  their 
use,  yet  it  is  no  doubt  a  fact  that  the  coal  left  in  the  ground  in 
Illinois  is  much  greater  than  in  any  other  state  in  the  country. 

In  reference  to  the  suggestion  that  a  study  of  coal  be  made  from 
the  standpoint  of  smoke,  I  do  not  think  I  disagree  with  Dr.  Bain, 
although  I  would  emphasize  the  mater  from  a  somewhat  different 
standpoint.  All  of  our  coal  smokes,  and  it  would  be  difficult  to 
draw  a  line  between  that  which  is  more  smoky  or  less  so,  therefore 
the  requirement  is  not  for  a  smokeless  coal  bcause  there  is  no  such 
thing  so  far  as  the  bituminous  variety  is  concerned,  but  rather  for 
an  apparatus  which  will  burn  any  kind  of  coal  without  smoke,  and 
in  this  connection  the  Geological  Survey  and  the  Experiment  Sta- 
tion can  do  a  very  good  work  for  the  people  by  laying  before  them 
results  of  investigations  and  studies  which  have  been  made,  show- 
ing that  it  is  not  on!y  possible  but  economical  to  burn  coal  without 
smoke,  and  to  also  illustrate  certain  types  of  apparatus  which  ac- 
complish this  result,  so  that  the  people  may  be  educated  to  under- 
stand the  matter  more  fully. 

Mr.  J.  H.  Warder — I  would  like  to  ask  about  the  dikes  ;  is  there 
any  surface  indication  of  their  presence,  or  were  they  found  only 
after  working  the  mine]^  Also,  what  is  the  depth  of  the  soil  or 
earth  above  the  mine  roof^     That  has  a  tendencv  to  cru^h  down 
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the  pillars  of  coal  left  to  support  that  roof.  How  deep  are  those 
mines  from  the  surface  ? 

Mr.  Rice — \s  far  as  the  depth  is  concerned  it  usually  would 
mean  from  200  feet  and  upwards,  but  even  then  if  there  is  a  strong 
limestone  roof  some  10  to  20  feet  thick  (it  often  runs  that)  if  it 
has  above  it  125  feet,  it  might  still  cause,  in  the  presence  of  water 
or  moisture,  the  coal  to  be  pushed  down  into  the  clay.  A  great 
deal  depends  upon  the  conditions — whether  free  from  water  or 
not.  In  shallow  earth,  every  time  there  is  a  break  in  the  roof,  even 
if  the  break  does  occur  in  the  roof  there  is  enough  shale  above  it 
to  conceal  the  opening.  In  the  case  of  long-wall  mines,  there  all 
the  coal  is  taken  out  as  the  work  advances,  there  they  are  able  to 
work  underneath  the  Illinois  river  wtihout  any  difficulty,  and  I 
think,  with  a  minimum  roof  of  about  225  feet  of  rock  covered  with 
silt  and  clay  above  it ;  but  the  real  tightness  of  the  roof  there 
would  be  furnished  by  the  shale  which,  in  the  presence  of  water, 
would  tend  to  puddle. 

Dr.  Bain  (Closure) — The  map  referred  to  by  Mr.  Atwocd 
and  others  seems  to  excite  universal  question,  not  to  say  derision. 
That  is  to  show  you  the  kind  of  map  we  do  not  want  to  make. 

When  we  began  our  work  we  thought  it  would  be  good  practice, 
to  make  a  summary  of  what  we  knew  and  what  we  did  not  know. 
This  map  was  based  on  an  earlier  one  prepared  by  Professor 
Worthen  and  his  associates.  While  I  have  no  positive  knowledge 
on  the  subject,  I  judge  from  his  map  that  it  was  made  in  the  ofifiice 
after  the  field  work  was  done,  and  on  the  basis  of  notes  accumulat- 
ed in  the  field ;  we  infer  that  there  was  no  field  map.  You  will  no- 
tice in  the  new  map  certain  areas  in  which  the  boundaries  are  put 
in  with  considerable  detail.  The  differences  in  the  map  simply  rep- 
resent differences  in  the  amount  of  information  now  available. 
The  column  or  sections  at  the  side  illustrate  the  formations  one 
would  go  through  in  drilling.  We  have  a  new  edition  of  the  map 
now  in  print. 

W^ith  regard  to  the  dikes  that  the  secretary  asked  about.  In 
about  1889  one  dike  was  found  across  the  river  in  Kentucky.  In 
1902  the  United  States  Geological  Survey  people  found  one  dike 
on  the  north  shore  of  the  (3hio  river,  and  the  following  year  six 
or  seven  dikes  were  found.  These  appear  at  the  surface  and  can 
be  seen  along  the  river.  These  dikes  found  this  year  are  at  a  depth 
of  400  feet  and  do  not  show  at  the  surface. 

In  the  matter  of  waste  in  the  mines,  that  we  realize  is  a  very 
large  problem.  We  are  simply  hopeful  that  by  getting  together 
the  data  available  we  may  throw  some  light  on  the  quesion. 

The  question  of  floor  and  roof  is  a  critical  point.  The  crushing 
is  due  to  failure  of  foundation.  The  pillars  of  coal  do  not  crush 
very  much.  I  was  particularly  surprised  recently  to  find  that 
Illinois  coal  placed  on  a  bed  has  a  crushing  strength  of  2,000 
pounds  per  square  inch ;  so  that  the  failure  is  due  to  the  weight 
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forcing  out  the  floor  from  underneath ;  also  to  the  breaking  of  the 
roof  from  above.  As  Mr.  Rice  suggests,  we  will  have  to  get  at 
the  character  of  the  roof  and  study  it  as  a  beam  across  an  tin- 
supported  area. 

I  regret  that  more  of  you  did  not  take  part  in  the  discussion. 
We  would  like  to  have  your  criticisms.  \\'e  want  to  make  our 
work  as  useful  as  we  can,  and  we  want  to  have  some  help  in  the 
way  of  suggestions  or  criticisms  on  what  we  are  doing. 

You  might  be  interested  in  knowing  about  appropriations.  The 
Legislature  appropriated  $25,000  a  year  to  start  this  work;  of  that 
amount  $10,000  goes  into  topographic  work,  Sio,ooo  into  geologic 
work,  leaving  $5,000  for  work  in  general.  This  year  we  are  ask- 
ing for  $50,000  instead  of  $25,000.  Gov.  Deneen  feels  that  we  can 
spend  that  amount  of  money  to  advantage,  and  that  we  need  the 
money  to  carry  out  the  lines  of  work  which  we  have  already  taken 
up.     ' 

President  Abbott — I  am  sure  we  have  all  been  very  much  inter- 
ested in  hearing  about  this  work  of  the  State  Geological  Survey. 
Two  years  ago  this  society  became  interested  in  the  work,  and  ex- 
pressed to  the  State  Legislature  the  desirability  of  having  a  State 
Geological  Survey.  With  that  precedence  I  do  not  think  it 
would  be  at  all  objectionable  if  we  should  again  express  to  tht. 
State  Legislature  our  interest  in  this  work. 

[A  resolution  to  this  effect  was  introduced  and  passed  by  the 
Society,  as  recorded  in  the  minutes  of  the  meeting. — Ed]. 


The  original  paper  by  Dr.  Bain  was  not  read  in  extenso  by  him  Feb.  6, 
but  the  substance  was  presented  in  an  informal  talk  to  those  present.  Sundry 
charts  were  exhibited  which  served  to  illustrate  the  remarks  of  Dr.  Bain,  and 
are  referred  to  in  parts  of  the  Discussion.  It  was  not  practicable  to  reproduce 
these  charts  in  the  Journ.^l,  Publication  Committee. 


DIRECT  CURRENT  COMPENSATORS  FOR  BALANCING  ELECTRIC  CIRCUITS. 

By  H.  M.  Biebel. 

Read  before  the  Electrical  Section^  W.  S.  E., 
February  75,  ipo/. 

A  direct  current  compensator  is  a  device  whereby  one  or  more 
neutral  wires  can  be  introduced  into  an  ordinary  two  wire  circuit, 
these  neutral  wires  making  it  possible  to  obtain  circuits  of  propor- 
tionately lower  voltage.  The  use  of  a  D.  C.  compensator  set,  makes 
it  possible  to  generate  direct  current  at  a  comparatively  high  volt- 
age and  to  deliver  it  for  use  at  a  lower  voltage,  thus  combining  the 
cheapness  of  high  voltage  transmission  with  low  voltage  receiving 
or  translating  devices.  It  is  not  the  only  way  of  obtaining  a  three 
wire  system,  but  it  is  the  only  way  of  obtaining  a  four  or  a  five 
wire  system,  should  such  a  system  ever  come  into  general  use, 
which  becomes  possible  when  the  latest  type  of  incandescent  lamp 
is  considered  in  small  units. 

The  D.  C.  compensator  for  a  three  wire  system  originally  con- 
sisted of  two  machines  coupled  together  mechanically ;  one  ma- 
chine of  a  voltage  equal  to  that  of  the  supply  circuit  and  the  other 
machine  of  a  voltage  equal  to  one  half  that  of  the  supply  circuit, 
the  schematic  diagram  being  shown  in  Fig.  i.  The  upper  of  the 
two  machines  of  the  compensator  set  is  of  a  voltage  equal  to  that 
between  positive  and  negative,  which  we  may  assume  at  220  volts 
and  the  lower  machine  is  a  110  volt  machine.  If  a  load  were  con- 
nected between  the  negative  and  the  neutral  wire,  the  low  voltage 
machine  would  operate  as  a  generator  being  driven  by  the  high  volt- 
age machine  which  obtains  its  energy  from  the  main  generator.  If 
the  load  or  the  excess  of  load  were  between  the  positive  and  neu- 
tral wires  the  low  voltage  machine  would  operate  as  a  motor  driv- 
ing the  high  voltage  machine  as  a  generator. 

It  will  be  seen  at  once  that  the  low  voltage  machine  must  be  of 
a  capacity  equal  to  the  probable  or  the  figured  unbalanced  load 
and  the  high  voltage  machines  must  if  anything  be  larger.  This 
means  that  we  are  using  two  machines  of  say  10  k.  w.  capacity  each 
to  balance  a  loa,d  of  10  k.  w. 

This  type  was  soon  superseded  by  the  present  design  in  which 
two  machines  each  of  a  voltage  equal  to  one  half  of  the  voltage  of 
the  main  generator,  are  coupled  together  mechanically,  preferably 
with  their  shafts  in  line  and  connected  by  a  suitable  coupling,  the 
two  machines  being  mounted  on  a  suitable  sub-base.  The  two 
armatures  are  connected  in  series  across  the  circuit,  the  schematic 
diagram  being  as  shown  in  Fig.  2,  where  all  field  windings  are 
left  out  for  the  sake  of  simplicity. 
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If  we  assume  that  there  is  no  load  on  the  main  generator,  and 
we  start  up  the  compensator  set  by  means  of  a  suitable  starting 
box,  we  shall  have  the  two  machines  running  at  their  normal,  no 
load  speed,  both  operating  as  motors,  and  only  enough  current  flow- 
ing through  the  armatures  to  keep  them  rotating  at  their  normal 
speed.  If  loads  are  connected  between  the  neutral  wire  and  the 
positive  and  negative  wires  respectively,  the  loads  on  each  side  of 
the  neutral  being  equal,  there  would  be  no  change  in  the  opera- 
tion of  the  compensator  set.  If  however,  the  load  on  one  side  of 
the  neutral,  say  positive  to  neutral,  should  become  greater  than 
that  on  the  other  side,  the  machine  connected  between  positive  and 
neutral  would  operate  as  a  generator  being  driven  by  the  other 
machine  operating  as  a  motor.  This  action  may  be  explained  as 
follows : 
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Assume  that  we  have  first  a  two  wire  main  generator  and  a 
three  wire  distributing  circuit  with  two  banks  of  incandescent 
lamps  connected  between  positive  and  neutral,  and  between  neutral 
and  negative  wires.  Assume  that  the  load  between  positive  and 
neutral  has  a  resistance  of  i  ohm  and  that  between  neutral  and  neg- 
ative has  a  resistance  of  2  ohms.  The  total  resistance  from  posi- 
tive to  negative  wires  is  therefore  3  ohms,  and  on  a  220  volt  circuit 
we  would  get  a  current  of  -^  1=73.3  amperes.  The  voltage  drop 
from  positive  to  neutral  would  be  73.3  volts  and  from  neu- 
tral to  negative  would  be  146.7  volts.  If  now  a  compensator  set 
as  shown  in  Fig.  2  were  connected  to  the  three  wire  system,  it  will 
be  seen  that  unit  No.  2  will  be  connected  to  a  circuit  whose  volt- 
age is  lower  than  its  own,  while  unit  No.  i  will  be  connected  to 
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a  circuit  whose  voltage  is  higher  than  its  own.  Therefore,  unit 
No.  2,  will  act  as  a  generator,  being  driven  by  unit  No.  i,  which 
will  continue  to  operate  as  a  motor,  only  operating  at  a  heavier 
load.  The  location  of  the  excess  of  load  with  reference  to  the  neu- 
tral will  determine  which  unit  of  the  set  will  operate  as  a  generator. 

The  current  paths  of  the  three  conditions  which  can  occur  with 
such  a  compensator  set  are  shown  in  the  following  figures : 

Fig.  3.     No  unbalanced  load,  both  machines  operating  as  motors. 

Fig.  4.  Load  on  each  side  of  the  neutral,  larger  between  posi- 
tive to  neutral  than  between  neutral  to  negative. 

It  will  be  seen  that  the  current  flowing  in  the  neutral  wire  is 
equal  to  the  sum  of  the  generator  and  of  the  motor  currents  and  is 
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also  equal  to  the  difference  between  the  currents  carried  by  the 
loads  on  either  side  of  the  neutral  at  their  respective  voltages 
(which  way  or  may  not  be  the  same  and  equal  to  one-half  of  the 
line  voltage.) 

The  current  in  the  unit  operating  as  a  motor  will  be  some  what 
larger  than  that  flowing  in  the  unit  operating  as  a  generator,  as  the 
motor  must  supply  the  armature  losses  of  both  machines.  It  will 
be  seen  that  smaller  units  can  be  used  in  this  compensator  set  than 
in  the  original  type  as  here  both  motor  and  generator  current  is 
used  to  balance  the  excess  load.  Each  machine  must  be  able  to  op- 
erate as  a  motor  or  as  a  generator,  according  to  whether  the  ex- 
cess load  is  one  side  of  the  neutral  or  the  other.  If  for  example 
we  have  an  unbalanced  load  of  50  amperes,  the  excess  being  first 
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on  one  side  of  the  neutral  and  then  on  the  other,  each  unit  must  be 
able  to  operate  properly  between  the  limits  of  20  amperes  output  as 
generator  to  30  amperes  input  as  motor,  the  speed  and  voltage  re- 
maining practically  constant.  The  brushes  of  course,  must  be  in 
one  position  for  all  loads,  and  it  will  easily  be  seen  that  the  limit  of 
output  in  a  compensator  set  is  given  by  sparking,  rather  than  by 
heating. 

The  question  of  the  transference  of  energy  by  a  compensator  set 
is  an  interesting  one,  and  may  be  briefly  touched  upon  here.  This 
transference  of  energy  by  the  compensator  set  results  in  a  heavier 
load  being  thrown  upon  the  main  generator,  than  would  be  the  case 
if  no  compensator  set  were  used.  Assume  a  resistance  of  t  ohm 
and  one  of  2  ohms  connected  respectively  between  positive  and  neu- 
tral and  between  neutral  and  negative  wires.  If  no  compensator 
set  be  connected,  the  total  current  on  a  220  volt  circuit,  would  be 

220^220 
73.3  amperes  and  the  load  on  the  generator  would  be  -^ = 

16.13  ^-  '^^■-  If  ^-o^^'  '^^'^  connect  a  compensator  set  and  get  an  ex- 
act division  of  voltage  the  loads  would  be  as  follows : h 

iioXiio      01  •  -  ^,  ^  , 

=18.15  k.  w.,  or  an  increase  ot  12  per  cent.      Ihe  losses 

in  the  field  windings  and  in  the  armatures  are  not  considered  as  a 
''load"  on  the  machine  in  this  connection. 

If  we  have  resistances  of  i  and  of  3  ohms  we  would  have  12.1  k. 
w.  and  16.13  k.  w.  respectively  or  an  increase  of  33  per  cent.  With 
resistances  of  i  and  4  ohms  we  get  an  increase  of  57  per  cent.,  and 
with  resistances  of  i  and  10  ohms  we  get  an  increase  of  203  per 
cent. 

Shunt  Wound  Compensator  Sets. — A  shunt  wound  compensator 
set  with  the  fields  of  the  two  units  in  series  or  in  parallel  between 
the  two  outside  wires,  will  not  give  good  regulation  owing  to  the 
I.  R.  drop  in  the  armature  winding  of  the  unit  operating  as  genera- 
tor and  the  drop  in  speed  of  the  unit  operating  as  motor,  as  the  load 
increases. 

The  regulation  of  a  shunt  wound  compensator  will  be  improved 
by  cross  connecting  the  shunt  fields  so  that  with  unbalanced  loads 
the  field  of  the  unit  which  is  operating  as  a  motor  is  connected 
to  a  circuit  having  a  voltage  lower  than  its  own,  thus  weakening 
the  motor  field,  increasing  the  speed  of  the  set,  and  increasing  the 
voltage  of  the  unit  operating  as  a  generator.  At  the  same  time  the 
field  of  the  generator  unit  is  connected  to  a  circuit  whose  voltage 
is  higher  than  its  own,  thus  strengthening  the  field  and  resulting  in 
a  still  further  increase  in  the  generator  voltage.  Exact  balance  can 
be  obtained  in  a  shunt  wound  compensator  by  connecting  the  two 
fields  in  series  and  placing  between  them  a  small  rheostat,  the  lever 
arm  of  which  is  connected  to  the  middle  point  of  the  two  arma- 
tures.    By  moving  the  lever  away  from  the  middle  point  so  as  to 
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Strengthen  the  generator  field  and  weaken  the  motor  field,  we  can 
get  an  exact  balance  of  voltage  for  that  condition  of  load.  If  now 
the  excess  load  should  suddenly  be  shifted  over  to  the  other  side  of 
the  neutral,  the  difference  between  the  voltages  on  the  two  sides 
of  the  neutral  would  be  quite  large,  as  the  inherent  poor  regulation 
of  the  shunt  wound  compensator  set,  is  made  worse  by  the  strength- 
ened motor  field  and  the  weakened  generator  field.  This  style  of 
connection  will  give  good  results  where  hand  regulation  of  the  rheo- 
stat is  not  objectionable  and  the  load  changes  are  not  so  sudden  but 
that  they  can  be  followed  up  closely  by  the  attendant. 

A  machine  having  two  independent  armature  windings  and  two 
commutators  on  the  armature  can  be  used  as  a  compensator  set, 
but  will  not  give  close  regulation.  The  curve  B-B,  Fig.  5.  shows 
the  voltage  diiference  obtained  on  such  a  compensator  unit  of  30 
k.  w.  capacity.  This  difference  being  11  volts  at  full  load.  The 
curves  A-A  show  the  voltage  difference  obtained  on  an  81^2  k-  w. 
shunt  wound  compensator  set  with  the  fields  criss-crossed,  the 
maximum  voltage  diiference  being  8  volts. 

In  order  to  obtain  automatic  regulation  and  practically  equal 
voltages  on  each  side  of  the  neutral  under  all  normal  conditions  of 
unbalanced  load,  it  is  necessary  to  use  compound  wound  units. 
There  are  a  number  of  different  ways  of  connecting  the  shunt  and 
series  coils,  the  usual  method  being  to  connect  the  series  coils  in 
the  armature  circuit  and  the  two  shunt  fields  in  series  across  the 
outside  wires.  When  starting  up,  both  units  will  operate  as  dif- 
ferential motors,  but  upon  being  thrown  into  circuit  and  any  unbal- 
ancing of  load  occurring,  the  unit  then  operating  as  a  generator 
wuU  be  a  cumulative  compound  wound  machine.  By  proper  ad- 
justment of  this  compound  winding  on  both  machines  we  can  get 
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a  practically  constant  voltage  division  up  to  and  well  beyond  the 
normal  capacity  of  the  compensator  set.  It  may  be  noted  in  pas- 
sing, that  as  the  motor  current  is  greater  than  the  generator  cur- 
rent the  ditYerential  action  on  the  motor  will  be  greater  than  the 
compounding  action  on  the  generator.  The  speed  of  such  a  com- 
pensator set  will  be  higher  at  full  load  than  at  no  load,  which  means 
that  at  full  load  the  motor  is  operating  at  a  lower  point  of  its  sat- 
uration curve  than  at  no  load,  and  if  this  differential  action  is  carried 
to  an  extreme  point  by  reason  of  excessive  overloads,  a  point  may 
be  reached  where  the  motor  will  "spill  over:"  that  is,  the  motor  will 
attempt  to  reverse  its  direction  of  rotation.  One  way  of  over- 
coming this  tendency  is  to  short-circuit  the  series  coils  of  both  ma- 
chines when  a  certain  current  value  had  been  reached,  or  to  short- 
circuit  the  series  coils  of  that  unit  operating  as  a  motor.  The  first 
is  the  simpler  method  but  results  in  a  greater  unbalanced  voltage 
than  would  be  the  case  with  the  second  method.  The  first  method 
requires  a  double  pole  switch  normally  held  open,  actuated  by  an 
overload  coil  connected  in  the  neutral  wire.  When  this  switch  is 
released  it  closes,  short-circuiting  the  series  coils  of  both  machines. 
The  second  method  requires  a  reverse  current  relay  which  operates 
to  close  the  circuit  through  either  one  or  two  solenoids,  which  in 
turn  will  act  to  close  a  switch  or  a  "circuit  closer,"  which  short- 
circuits  the  series  fields  of  the  unit,  operating  as  a  motor.  If  the 
excess  of  load  shifts  to  the  other  side  of  the  neutral  the  current  in 
the  neutral  will  be  reversed^  the  reverse  current  relay  will  operate 
to  take  off  the  short-circuit  on  the  one  unit  and  then  short-circuit 
the  series  coils  of  the  other  unit.  A  new  method  of  connection  has 
lately  been  used  which  overcomes  this  trouble  and  requires  no  short- 
circuiting  device  whatever. 

Efficiency:  The  efficiency  of  a  compensator  set  is  calculated  as 
follows,  this  method  having  been  first  shown  in  print  by  Air.  C.  T. 
Wilkinson : 

Let  2V=line  voltage. 

iM^motor  current. 

lG=generator  current. 

Cs=shunt  current  in  each  unit. 

Then  the  output  of  the   compensator   set  will   be,   V  (Ig+Im) 
and  the  input  ImX2\^-|-CsX2V  and  the  commercial  efficiency  of 
the  compensator  set  will  be, 
(Ig+Im)V        Ig+Im 

•    or 

2V(Im+Cs)  2(Im+Cs) 

Taking  actuall}-  obtained  figures  for  the  motor  and  the  generator 
currents  and  calculating  the  efficiency  from  the  above  formula,  we 
find  that  it  is  very  nearly  the  same  as  that  of  either  unit  by  itself. 
The  commercial  efficiencies  of  a  line  of  compensator  sets  varying 
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from  I  k.  \v.  to  150  k.  w.  capacity  will  vary  from  78  per  cent  to  92 
per  cent. 

Protction  of  compensator  set  and  of  lights. — The  question  of 
how  to  protect  the  compensator  set  against  excessive  overloads, 
and  how  to  protect  the  lamps  against  the  failure  of  the  compensator 
set  may  be  answered  in  several  different  ways,  depending  upon 
whether  the  lamps  can  be  cut  off  the  circuit  or  not,  and  whether  the 
compensator  set  must  be  kept  in  circuit  at  all  hazards  or  not.  When 
the  lamps  can  be  cut  off  the  circuits,  a  circuit  breaker  with  an  over- 
load release  coil  connected  in  the  neutral  wire  can  be  used  where 
the  compensator  set  gives  good  regulation.  Where  a  shunt  wound 
compnsator  set  is  used,  where  the  difference  between  the  voltage 
on  each  side  of  the  neutral  is  a  measure  of  the  unbalanced  load,  a 
differential  coil  can  be  connected  to  the  circuit,  so  that  when  the 
voltage  difference  exceeds  a  certain  value  this  differential  coil  will 
close  a  circuit  through  a  tripping  coil  on  the  main  generator  cir- 
cuit breaker  or  on  the  lamp  feeder  circuit  breaker.  The  ordinary 
no  voltage  release  coil  on  the  starter  will  protect  the  compensator 
set  against  trouble  after  a  shut  down  due  to  momentary  cessation 
of  voltage. 

To  protect  the  lamps  against  the  danger  of  excessively  unbal- 
anced voltages  due  to  vmbalanced  load  if  the  compensator  set 
should  accidentally  shut  down,  the  handle  or  lever  of  the  starting 
box  can  be  arranged  so  as  to  make  a  connection,  while  returning 
to  its  starting  position,  such  that  a  tripping  coil  on  the  main  cir- 
cuit breaker  shall  operate  to  open  them,  thus  cutting  the  lights  off 
the  circuit  as  the  compensator  set  shuts  down. 

Our  own  recommendation  has  always  been  to  fuse  the  compensa- 
tor set  at  100  per  cent,  overload,  and  not  to  use  circuit  breakers  or 
special  tripping  devices,  or  in  other  words,  protect  the  lamps 
rather  than  the  compensator  set.  A  large  number  of  compensator 
sets  have  been  installed,  connected  in  this  way,  and  so  far  no  trouble 
from  this  source  has  been  reported. 

The  requirements  which  a  good  modern  compensator  set  should 
be  able  to  meet  are  as  follows : 

First.     Easy  to  connect  and  easy  to  throw  into  circuit. 

Second.  Practically  absolute  balance  at  all  normal  loads  without 
rheostat  adjustment. 

Third.     Easy  to  operate  two  or  more  sets  in  parallel. 

Fourth.     Standard  stock  parts  used  throughout. 

When  to  use  a  compensator  set: — Where  it  is  desired  to  operate 
no  volt  lamps  on  a  220  volt  circuit  and  the  lamps  can  be  so  wired 
that  the  loads  on  each  side  of  the  neutral  will  be  approximately 
the  same,  a  compensator  set  will  enable  the  installation  to  operate 
successfully.  Its  capacity  need  be  only  a  small  per  cent,  of  the  total 
load  subject  to  unbalance,  say  about  10  per  cent.,  and  this  might 
even  be  reduced  to  5  per  cent,  where  the  lamps  are  well  balanced. 

If  the  load  of  any  given  generating  station  could  be  arranged  so 
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Fig.  6. 

15  Kw.  Compensator  Set. 


Fig-  7. 
125  KW.  Compensator  Set. 
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that  the  motor  load  would  be  on  one  set  of  feeders  and  the  lamp 
load  on  other  feeders,  the  compensator  set  could  be  installed  at  or 
near  the  center  of  distribution  of  the  lamp  load,  and  the  feeder  drop 
could  be  taken  care  of  by  the  main  generators,  the  compensator 
set  simply  dividing  the  voltage  obtained  at  the  center  of  distribu- 
tion. Any  unbalance  of  voltage  which  would  exist  on  the  lighting 
mains  w^ould  be  due  to  the  compensator  set  itself. 

DISCUSSION. 

Mr.  C.  A.  S.  Hozi'lett — There  is  one  point  about  the  compensator 
that  it  not  usually  understood  as  well  as  it  might  be,  and  that  is  its 
simplicity.  As  a  rule  the  average  person  contemplating  using  the 
compensator  thinks  he  is  getting  some  complicated  connections  and 
operations  that  no  one  knows  anything  about, 

I  will  cite  an  experience  we  had  in  connection  with  a  small  plant  to 
show  that  it  is  not  complicated.  In  a  small  city  of  about  400  inhab- 
itants, where  they  put  in  a  3-wire  system,  the  generator  as  well  as 
the  compensator  was  bought  f.  o.  b.  cars.  The  man  who  was  to  put 
in  the  machinery,  was  an  ordinary  creamery  operator ;  he  owned  and 
controlled  a  typical  country  creamery,  and  he  expected  to  install 
this  compensator,  and  connect  and  operate  it  successfully,  although 
he  had  never  had' any  experience  in  the  electric  lighting  business. 
We  cautioned  him,  and  told  him  that  even  though  he  installed  the 
machinery  and  connected  it  up,  it  would  be  wise  to  have  someone 
examine  the  connections  before  the  apparatus  was  put  in  operation. 
Finally,  the  last  time  we  cautioned  him,  he  said  that  the  apparatus 
had  been  in  operation  for  a  month  and  had  given  no  trouble  what- 
ever; '  So  we  claim  that  if  a  farmer  can  install,  connect  and  operate 
a  compensator  successfully  without  trouble,  it  cannot  be  as  compli- 
acted  as  the  average  person  wants  to  think  it  is. 

Mr.  C.  G.  Atkins — I  was  in  hopes  Mr.  Biebel  would  go  a  little  fur- 
ther and  tell  us  about  the  three-wire  machine  that  the  Western 
Electric  Co.  is  about  to  put  on  the  market,  as  compared  with  the 
Westinghouse  and  other  makes. 

Mr.  Biebel — The  three-wire  generator  is  a  little  out  of  my  line, 
and  as  this  is  a  compensator  paper  I  left  the  three-wire  machine  for 
the  discussion. 

The  original,  and  I  may  say  well  established,  system  of  three-wire 
generators  is  that  invented  by  Dobrowolski  with  a  choke,  coil  con- 
nected to  two  points  in  the  armature,  180  electrical  degrees  apart, 
properly  applied  to  multipolar  machines,  and  having  a  loss  in  the 
choke  coil  whether  there  is  any  current  flowing  in  the  neutral  wire 
or  not.  The  balance,  of  course,  on  that  three-wire  generator  is  not 
perfect,  depending  to  a  certain  extent  upon  the  size  of  the  choke 
coil.  In  the  Western  Electric  Company's  three-wire  generator  a 
second  armature  winding  is  made  use  of,  properly  connected  and 
properly  applied.  It  is  easy  to  figure  out  the  connections  for  the 
two-pole  machine,  but  for  the  multipolar  machine  the  connections 
are    somewhat    complicated.     The   voltage    generated    between   the 
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brushes  of  any  dynamo  is  dependent  upon  the  style  of  winding, 
whether  series  or  loop  and  beyond  that,  upon  the  number  of  turns 
in  the  winding.  If,  now,  we  connect  another  winding  having  half 
the  number  of  turns  that  the  main  winding  has,  and  have  it  on  the 
same  armature  so  it  will  cut  the  same  number  of  lines  of  force  vou 
will  get  half  the  voltage.  By  connecting  two  of  these  windings  at 
180  electrical  degrees  apart,  you  will  get,  on  the  250-volt  machine  at 
the  terminals  of  these  windings  125  volts,  and  by  connecting  one  end 
of  this  winding  to  the  main  winding,  and  the  other  to  a  collector 
ring  yu  will  have  a  division  of  voltage.  At  the  collector  ring  you 
will  have  125  volts,  where  you  will  have  250  olts  on  the  brushes  of 
the  machine.  The  distinction,  as  far  as  I  have  gone  into  the  mat- 
ter, is  in  the  fact  that  no  energy  is  lost  in  this  winding  until  the  cur- 
rent flows,  whereas  in  the  other  winding  there  is  a  loss  of  energy. 
It  is  small  but  it  is  there.  The  inherent  defect  in  the  machines  is, 
that  as  the  load  increases  the  unbalance  becomes  greater.  There  is 
no  way  in  which  a  three-wire  machine  can  be  made  to  give  absolute 
balance  of  voltage  with  unbalanced  loads  on  the  system.  The 
trouble  rises  from  the  fact  that  you  have  only  one  magnetic  circuit, 
and  whatever  you  do  to  one  side  you  do  also  to  the  other.  That  is 
one  of  the  reasons  why  a  one-frame  compensator  set  will  not  give 
good  regulation,  and  why  a  two-frame  set  will  give  absolute  regula- 
tion ;  the  main  point  being  to  have  such  windings  applied  to  the  ma- 
chines as  will  give  practically  absolute  automatic  balance  at  all  con- 
ditions of  normal  and  even  of  excessive  load,  either  on  one  side  or 
the  other. 

The  question  of  when  to  use  a  three-wire  machine  or  a  compen- 
sator set  depends  upon  the  character  of  the  load  and  upon  the  re- 
quirements of  the  engineer.  A  point  that  has  come  up  just  lately, 
might  be  of  interest  here ;  namely,  the  use  of  the  latest  type  of  light- 
ing units — the  3.1  watt  lamp  or  the  still  later  type,  the  i  watt  per 
candle  lamp — in  which  any  variation  of  voltage  from  time  to  time 
during  the  day  is  not  conducive  to  long  life,  a  three-wire  generator 
would  not  give  the  lamp  the  proper  voltage  unless  hand  regulation 
were  resorted  to,  and  throw-over  switches  were  placed  on  a  few 
small  circuits,  enabling  these  loads  to  be  thrown  from  one  side  of  the 
neutral  to  the  other  in  order  to  balance  the  voltage  exactly.  With 
the  compensator  set  compound  wound,  properly  adjusted. — where 
ihe  regulation  is  within  2  per  cent,  guaranteed,  and  is  usually  abso- 
lute,— there  would  not  be  that  danger,  and  whatever  voltage  was 
given  by  the  main  generators, — which  of  course  can  be  properly 
compounded  to  get  practically  the  same  voltage  at  the  center  of  dis- 
tribution,— it  would  be  divided  into  practically  one-half  on  each  side 
of  the  neutral  wire,  and  would  of  course  be  what  is  required  by  the 
lamps. 

Mr.  Hoiulett— The  question  of  the  three-wire  generator  brings 
to  my  mind  a  contemplated  plant.  In  a  plant  where  two  generators 
of  good  size  and  one  compensator  are  being  operated  satisfactorily, 
it  is  desired  to  make  an  addition  to  the  generator  equipment.     The 
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parties  are  contemplating  putting  in  a  three-wire  generator  to  run 
ni  multiple  with  the  standard  type  generators,  the  complete  system 
to  be  run  in  multiple.  Such  a  system  would  work  nicely  as  long  as 
the  compensator  is  large  enough  to  take  care  of  the  unbalanced  load, 
because  they  would  get  the  benefit  of  the  absolute  balance,  and  would 
get  their  three-wire  addition  without  buying  another  compensator. 

Mr.  Chas.  A.  Pratt — The  original  compensator  consisted  of  a  unit 
of  full  voltage  directly  connected  to  one  of  half  voltage.  That  was 
first  brought  to  my  attention  about  ten  years  ago.  One  of  the  first 
of  the  machines  which  the  Western  Electric  Co.  produced  was  in- 
stalled by  myself  in  the  plant  of  R.  R.  Donnelly  &  Sons.  I  think  it 
was  a  12  k.  w.  machine  and  that  machine  is  still  running,  to  the  best 
of  my  knowledge.  The  regulation  was  within  the  requirements  for 
factory  purposes,  but  was  not  perfect.  Later  I  installed  in  an- 
other place  one  of  the  single  frame  machines,  with  results  which 
were  just  what  were  expected  at  the  time.  The  regulation  was  not 
so  good  as  in  the  previous  machine,  but  since  the  load  on  the  two 
sides  was  largely  on  the  motor  end,  it  was  good  enough  for  the  pur- 
pose required. 

In  this  connection  I  think  we  must  keep  in  mind  the  fact  that  the 
compensator  where  used  is  considered  by  the  person  who  uses  it,  as 
a  necessary  evil,  to  be  avoided  if  possible.  In  the  course  of  my  ex- 
perience I  have  installed  quite  a  number  of  compensators,  but  have 
never  put  them  in  if  there  was  any  other  way  out.  If  a  two- wire 
system  could  not  be  worked  satisfactorily,  my  advice  was  to  put  in 
a  compensator. 

Mr.  A.  J.  Cline — In  the  three-wire  machine  how  much  additional 
capacity  is  allowed  in  the  generator?  The  compensating  effect,  it 
seems  to  me,  is  being  taken  from  the  generator  and  bringing  over- 
load on  it  without  (as  near  as  I  can  find  out)  the  manufacturer  put- 
ting any  more  into  the  machines.  Some  are  guaranteed  to  take  care 
of  25  per  cent,  unbalanced  load  continuously.  Has  any  provision  been  . 
made  for  taking  care  of  the  heating  effects,  or  is  that  feature  being 
ignored?  One  company  states  that  it  will  use  the  standard  machine 
and  put  additional  balancing  windings  on  it,  still  guaranteeing  the 
standard  heating  limits.  It  would  be  interesting  to  know  what  is  to 
be  the  practice. 

Mr.  Bichcl — As  I  understand  the  question,  I  think  the  answer 
would  be  that  the  windings  are  designed  simply  to  take  care  of  the 
additional  heat  generated  in  the  armature,  and  that  there  is  no  in- 
crease in  the  capacity.  As  far  as  I  can  see  it,  it  is  merely  a  question 
of  design.  If  you  buy  a  100  k.  w.  two-wire  generator,  you  receive 
certain  guarantees  as  to  temperature  rise  under  continuous  opera- 
tion at  normal  load  and  speed.  If  you  wish  to  buy  a  three-wire  gen- 
erator to  meet  the  same  requirements  with  regard  to  normal  two- 
wire  operation,  with  the  added  feature  of  being  able  to  take  care  of 
10,  15  or  20  per  cent,  unbalanced  load,  the  designer  has  to  provide 
for  that  feature.  He  will  have  to  introduce  certain  new  features 
into  his  machine,  and  will  have  to  make  certain  changes.     In  gener- 
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al  it  will  make  the  machine  slightly  larger,  in  order  to  have  it  meet 
the  same  guarantees  as  before. 

Mr.  Hoiclett — I  have  in  mind  a  contract  I  saw  recently  for  some 
three-wire  generators  w^here  the  heating  was  not  changed.  The 
heating  was  the  ordinary  40  Deg.  rise,  and  they  guaranteed  the  un- 
balanced load  as  25  per  cent,  but  there  was  no  change  made  in  the 
k.  w.  capacity  of  the  generator.  The  generator  was  sold  for  a  200 
or  300  k.  w.  but  the  capacity  of  the  generator  was  not  decreased  by 
the  amount  of  the  unbalance ;  it  was  kept  up  to  normal.  From  the 
manufacturer's  side  I  understand  it  was  necessary  to  use  a  little 
larger  machine  than  a  standard  two-wire  machine,  but  from  the  cus- 
tomer's standpoint  they  used  a  standard  machine. 

Mr.  Geo.  H.  Rowc — I  understand  the  slot  depth  has  to  be  in- 
creased in  order  to  accommodate  both  windings.  How  much  would 
that  add  to  the  trouble  in  making  repairs  in  case  one  of  the  windings 
burned  out? 

Mr.  Biehcl — That  question  is  again  one  for  the  designer  to  take 
care  of  in  the  first  place,  and  to  arrange  the  windings  so  that  as  far 
as  he  can  prevent,  there  will  be  no  burn-out. 

Mr.  Atkins — In  my  work  I  frequently  find  that  an  operating  en- 
gineer must  be  pacified  by  the  designing  engineer  as  to  why  we  do 
not  put  in  as  many  compensators  as  generators.  Of  course  there 
is  no  reason  for  it,  but  I  have  wondered  where  the  operating  en- 
gineer received  the  idea  he  must  have  as  many  compensators  as 
generators.  I  have  had  to  pacify  two  first  class  operating  engineers 
in  the  past  year. 

Mr.  Biehel — I  have  never  happened  to  run  across  any  such  cases. 

Mr.  Ho7i'lett — As  a  rule  it  is  quite  difficult  to  give  them  the  proper 
assurance  that  a  small  compensator  will  handle  the  equipment  of  a 
large  power  plant.  They  cannot  seem  to  grasp  the  idea,  and  they 
are  "doubting  Thomases"  for  a  long  time  after  the  plant  has  been 
accepted. 

Mr.  Atkins — I  was  wondering  whether  it  might  not  have  been  a 
question  of  salesmanship.  But,  seriously,  I  was  told,  in  connection 
with  one  plant  on  which  I  w^as  retained,  that  the  salesmen  of  two 
companies  had  the  operating  engineer  primed  and  set,  and  he  was 
determined  that  he  was  going  to  have  as  many  compensator  sets  as 
generators. 

Mr.  Hozdctt — As  a  general  proposition,  if  there  is  any  trouble 
about  an  equipment,  it  is  the  salesman's.  Whether  the  salesman  is 
entitled  to  the  criticism,  of  course  it  is  hard  to  say. 

Mr.  D.  W.  Roper — In  the  diagrams  displayed  on  the  screen  there 
were  a  number  of  schemes  of  connection  shown,  followed  by  sev- 
eral views  of  machines  which  were  said  to  be  superior  in  their 
operation  to  the  machines  shown  in  the  diagrams.  I  would  like  a 
little  information  in  regard  to  the  scheme  of  connection  in  these  ma- 
chines by  which  perfect  regulation  is  obtained. 

In  operating  a  three-wire  system  dor  instance,  one  in  this  city) 
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we  find  that,  owing  to  the  drop  in  our  feeders,  in  order  to  secure 
balance  at  the  feeder  ends  with  the  unbalanced  load,  it  is  neces- 
sary to  unbalance  the  voltage  at  the  generating  station.  That  is, 
the  pressure  must  be  several  volts  higher  on  the  side  which  has  the 
larger  current.  Is  it  possible  in  any  of  the  schemes  which  have  been 
shown  for  compensators  to  over-compound  so  as  to  secure  that  ef- 
fect of  higher  voltage  on  the  side  which  has  the  greater  load. 

Mr.  Bicbcl — What  would  be  the  object  in  that  latter?  Why 
should  von  want  to  over-balance? 

Mr.  Roper — In  order  to  deliver  a  balanced  voltage  to  the  customer 
at  the  feeder  end. 

Mr.  Biehel — That  really  is  not  necessary  in  the  compensator  set, 
because,  up  to  the  normal  capacity  of  a  well  designed  compensator 
set,  it  will  divide  the  voltage  equally,  or  practically  so,  within  2  per 
cent.  That  is  one  of  the  points  I  tried  to  bring  out ;  on  the  ordi- 
nary two-wire  machine  you  can  put  a  compensator  set  at  the  end 
of  the  feeder  and  it  will  divide  whatever  voltage  there  is  at  the  end. 
Assuming  that  you  start  with  a  very  light  load  and  then,  perhaps 
due  to  some  other  load,  the  voltage  rises  at  this  point  (indicating 
on  diagram).  A  compensator  set  will  divide  that  voltage  equally 
or  to  within  2  per  cent.,  so  that  you  really  v/ould  not  have  any  oc- 
casion to  over-balance. 

Mr.  Roper — I  am  talking  about  the  problem  of  installing  a  com- 
pensator set  in  a  sub-station,  and  where  you  have  a  variable  load 
at  the  end  of  your  feeder.  The  problem  you  describe  is  installing 
the  compensator  at  the  end  of  the  feeder.  In  a  system  in  the  city 
there  are  a  number  of  locations,  in  the  lighter  load  districts,  where 
we  have  that  condition ;  where  the  load  is  unbalanced  quite  fre- 
quently, and  it  is  almost  impossible  to  balance  it  for  all  hours  and 
conditions  of  load.  We  have  to  unbalance  the  bus  in  the  sub- 
station to  secure  an  equal  voltage  at  the  feeder  ends.  The  unbal- 
anced load  may  vary  at  times,  and  it  was  for  the  purpose  of  finding 
whether  there  was  an  automatic  machine  for  that  purpose  that  I 
put  the  question. 

Mr.  Biehel — The  compensator  sets,  as  built  at  present,  have  been 
designed  only  to  divide  the  voltage  and  not  our  balance.  So  far, 
v\-e  have  had  no  request  for  any  such  compensator  set,  and  simply 
content  ourselves  with  making  this  exact  voltage  division. 

I  believe  the  other  question  was  with  regard  to  the  exact  voltage 
balance  obtained.  The  schematic  diagrams  show  the  current  paths. 
I  did  not  show  any  windings  to  avoid  confusion.  We  can  get  reg- 
ulation to  within  2  per  cent,  in  any  compensator  set,  where  we  use 
two  compound  wound  machines  of  equal  voltage,  by  proper  adjust- 
ment of  the  strength  of  the  series  windings. 

Mr.  R.  E.  Hcllmiind — It  might  be  of  interest  to  compare  the 
practice  of  Germany  and  of  this  country. 

In  Germany  the  three-wire  system  and  the  compensator  are  more 
frequently  used  than  in  this  country.     There  are  two  kinds  of  Gen- 
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tral  Stations  in  which  the  German  engineer  frequently  employs  the 
three-wire  system  when  another  system  would  be  used  here : 

First,  power  plants  for  small  communities.  In  such  plants  it  is 
customarv  to  use  440-volt  D.  C.  between  the  mains,  and  220  volts 
for  the  lamps,  while  here  the  A.  C.  plant  is  generally  preferred,  with 
no  volts  for  the  lamps.  There  are  various  reasons  for  this.  In 
the  first  place,  I  think  engineers  in  this  country  are  skeptical  as  to 
the  quality  of  the  220-volt  lamps,  while  in  Germany  the  220-volt 
lamps  seemed  to  give  satisfactory  service.  Another  and  more  im- 
portant reason  may  be  the  fact  that  villages  and  small  towns  in 
America  are  not  as  concentrated,  as  a  rule,  as  in  Germany,  and 
therefore  here  the  transmission  system  calls  for  a  higher  potential 
than  may  be  employed  with  a  three-wire  D.  C.  system.  Still  another 
reason  may  be  the  fact  that  there  was  for  many  years  no  satisfactory 
single-phase  A.  C.  motor  (like  the  Wagner  motor)  in  the  German 
market.  This,  of  course,  led  to  the  use  of  a  D.  C.  system  in  all 
casese  where  a  limited  use  of  motors  had  to  be  considered,  but 
where  the  power  used  by  motors  is  not  sufficient  to  justify  the  use 
of  an  A.  C.  polyphase  system. 

Second,  the  three-wire  system  is  much  used  in  Germany  for  the 
lighting  and  power  systems  of  large  buildings  and  factories,  while 
here  in  America,  especially  in  New  York,  the  largest  buildings  are 
generally  equipped  with  iio-volt  two-wire  D.  C.  plants.  Although 
it  may  be  claimed  that  the  two-wire  system  is  simpler  than  the  three- 
wire  system,  this  advantage  seems  to  be  insufficient  to  counterbal- 
ance the  great  saving  in  copper  that  is  gained  by  the  use  of  a  three- 
wire  2x220  volt  plant,  or  even  by  a  three-wire  2x110  volt  plant. 

With  reference  to  the  comparative  use  of  the  three-wire  machine 
and  of  compensators  in  Germany,  it  seems  that  the  compensator  is 
used  more  frequently.  At  a  rough  guess,  I  think  that  in  75  per  cent, 
of  all  cases  the  compensators  are  used.  Even  the  AUgemeine  Elek- 
trizstats  Gesellschaft,  which  owns  the  three-wire  machine  ( Dobrow- 
olski  patent),  employs,  in  the  majority  of  cases,  the  compensator. 
Generally  the  three-wire  machines  are  used,  in  small  stations  only. 

Mr.  Hoivlctt — I  would  ask  Mr.  Hellmund  if  he  knows  why  it  is 
that,  after  developing  the  three-wire  generator  in  Germany,  it  has 
not  been  used  more  extensively  there? 

Mr.  HelUnnnd — I  do  not  know  of  any  reason  in  particular,  but 
the  following  facts  may  have  some  bearing  on  the  question :  Firsts 
the  three-wire  system  is  used  much  more  generally  in  Germany,  es- 
pecially in  cases  where  it  is  not  possible  to  balance  the  load  very 
well.  In  such  cases,  of  course,  it  is  better  to  use  the  compensator 
than  the  three-wire  system.  Second,  the  three-wire  system  is  used 
there  more  frequently  in  plants  of  comparatively  large  capacity. 
The  compensator  is  of  course  to  be  preferred  in  such  cases. 
Third,  as  a  rule  the  German  is  very  particular  about  the  quality  of 
light  he  receives  from  the  power  plant.  The  variations  and  inex- 
actness of  potential  so  frequently  furnished  by  the  power  plants  in 
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this  country  would  not  be  accepted  by  the  German  customer.  This 
feature  may  have  had  an  influence  on  the  use  of  the  compensator, 
since  it  will  give  an  exact  potential  for  any  load  distribution,  while 
the  three-wire  machine  can  never  give  an  exact  division  of  poten- 
tial for  a  very  unbalanced  load. 


CORRECTION 

In  the  paper  on  Swing  Bridges  m  February 
issue  on  page  28,  discussion  by  Mr.  C.  F.  Loweth, 
first  and  second  lines  should  read  "  It  is  possible 
to  make  satisfactory  swing  bridges."  Please  note 
and  make  change  in  your  copy  of  the  Journal. 


IN  MEMORIAM. 

Henry  Clinton  Draper,  m.w.s.e. 

Alay  3,  1903. 


Henry  Clinton  Draper  was  born  in  Louisiana,  Missouri,  on  Feb- 
ruary 3rd,  1845.  His  boyhood  was  passed  in  that  vicinity,  his  first 
employment  being  as  a  printer  with  a  Louisiana  newspaper.  In 
1866  he  joined  an  engineering  party  making  surveys  for  the  Louisi- 
ana and  ^Missouri  River  Railroad,  which  later  became  a  part  of  the 
Chicago  and  Alton  Railway.  He  entered  their  service  as  rodman, 
and  with  the  exception  of  two  years,  was  in  the  continuous  service 
of  that  Railway,  or  its  leased  and  subsidiary  lines,  for  thirty-five 
years,  ending  with  his  last  illness. 

During  the  two  years  referred  to,  1871-1872,  he  was  engaged  in 
the  construction  of  turnpike  roads  in  Pike  County,  ]\Iissouri:  In 
1872  he  accepted  a  position  as  rodman  on  the  St.  Louis,  Keokuk 
and  Xortli-Western  Railway,  then  doing  some  construction  work. 
This  road  was  also  later  made  a  part  of  the  Chicago  and  Alton  Rail- 
way and  in  their  service  he  was  promoted  to  levelman ;  later  to  As- 
sistant Engineer;  then  to  Division  Engineer  of  the  Western  Divi- 
sion under" Chief  Engineer  H.  K.  Booth.  In  1888,  upon  the  death 
of  Mr.  r.ooth,  ^Fr.  Draper  was  made  Chief  Engineer  of  the  Chicago 
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and  Alton  Railway,  remaining  in  that  position  until  the  sale  of  the 
road  to  the  Harriman  interests  in  1901,  when  he  was  succeeded  by 
H.  F.  Baldwin.  Mr.  Draper  was  offered  the  title  of  Principal 
Assistant  Engineer,  but  resigned  to  take  charge  of  the  construction 
of  the  ]\lissouri  Pacific  Railway,  between  Booneville,  Mo.,  and  Jef- 
ferson City,  Mo.  At  the  completion  of  that  work  he  was  engaged 
in  a  consulting  capacity  by  the  Mississippi  Valley  Trust  Company 
of  St.  Louis,  investigating  and  reporting  on  various  projects  which 
they  proposed  to  finance.  This  was  his  last  active  work,  heart 
trouble  causing  his  retirement. 

Mr.  Draper  had  intimate  and  personal  knowledge  of  every 
bridge,  and  culvert,  every  foot  of  right  of  way  on  the  Chicago  and 
Alton  Railway,  and  his  retirement  from  their  service  was  a  shock 
from  which  he  never  recovered.  He  had  charge  of  the  building  of 
the  great  bridge  over  the  Missouri  River  at  Glasgow,  ]vIo. ;  the 
Illinois  River  bridge  at  Pearl,  111. ;  and  was  associated  with  Messrs. 
Parkhurst  and  Corthell  in  the  building  of  the  long  Mississippi 
River  bridge  at  Louisiana,  Mo.  Later  this  bridge  was  rebuilt  under 
his  direction,  when  heavier  trafific  and  rolling  stock  necessitated  it. 

Mr.  Draper  was  a  veteran  of  the  Civil  \\"ar,  having  served  for 
three  years  in  the  L'nion  Army  as  a  corporal  in  a  regiment  of  Mis- 
souri infantry,  detailed  to  capture  guerrilla  bands  of  rebels  which 
infested  the  hills.  He  was  honorably  discharged  at  the  end  of  the 
war,  and  was  a  member  of  the  Geo.  H.  Thomas  Post  Xo.  5» 
G.  A.  R.  until  his  death. 

In  1 87 1  he  met  and  married  !Miss  Ellen  Strother  of  Ashley,  Mo., 
who  with  three  sons, — Daniel  C,  Harry  L.,  and  Robert  S.,  and  a 
daughter.  Mrs.  Harry  J.  Houghton,  survive  him. 

He  was  honored  and  respected  by  all  who  knew  him,  as  one  of 
Nature's  noblemen,  and  b}-  the  engineering  profession  as  one  of  the 
authorities  on  railroad  work,  and  his  memory  is  mourned  by  a  great 
number  outside  of  the  profession.  He  died  at  his  home  on  ^lay 
3rd,  1903,  of  heart  failure,  technically  aortic  regurgitation. 

(Signed)     Robert   Strother  Draper. 
Chasok   Wixslow    Brooks. 


A.  R.  Eldridge,  m.w.s.e. 
January  17,  1907. 

Archibald  Ronaldson  Eldridge  was  born  in  Americus,  Ga.,  Sep- 
tember 6th,  1867,  and  died  in  Chicago,  January  17th,  1907. 

His  boyhood  was  passed  in  Americus  where  he  attended  the  City 
High  School.  Later  he  went  to  the  Baltimore  City  College,  and 
from  there  to  Rensselaer  Polytechnic  Institute,  Troy,  X.  Y.,  grad- 
uating from  the  engineering  department  of  this  school  in  1888. 

He  was  variously  employed  on  railway  location  and  maintenance 
work  on  the  Americus,  Preston  and  Lumpkin  Railway,  now  a  part 
of  the  Seaboard  Air  Line,  and  the  Alabama  ^Midland  Railway  until 
1 89 1,  when  he  entered  the  bridge  department  of  the  City  of  Chi- 
cago, remaining  there  two  years.     He  was   successively  Assistant 
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Engineer  ^Maintenance  of  Way  with  the  Savanna,  Americus  and 
^lontgomery  Railway,  and  City  Engineer  of  Saratoga  Springs, 
X.  Y.  In  1903  he  entered  the  employ  of  the  Chicago,  Burlington 
and  Ouincy  Railway,  going  into  the  bridge  department.  He  re- 
mained there  until  the  time  of  his  death,  having  risen  to  the  position 
of  Assistant  Bridge  Engineer  of  that  system. 

He  was  married  at  Utica,  X.  Y.,  September  30th,  1891,  to  ^liss 
]\Iinnie  Kelly,  who  survives  him,  together  with  their  two  children, 
Agnes,  age  13,  and  Howard,  age  ii. 

He  was  a  member  of  the  American  Society  of  Civil  Engineers, 
the  Western  Society  of  Engineers  and  the  Franklin  Institute.  Also 
of  the  University  Club,  the  Chicago  Rowing  and  Canoe  Club,  the 
Jackson  Park  Yacht  Club  and  the  South  Shore  Country  Club  of 
Chicago. 

Mr.  Eldridge  was  a  man  of  great  professional  ability,  of  keen 
perception  and  sound  judgment.  These  qualities,  together  with 
his  knowledge  of  details,  made  his  work  in  the  design  of  large  rail- 
way structures  particularly  valuable.  He  was  possessed,  too,  of 
a  genial  and  winning  personality,  a  kindly  consideration  for  all 
with  whom  he  came  in  contact  and  an  unfailing  courtesy  which 
brought  him  the  lasting  friendship  of  all  who  knew  him. 

(Signfd)  L.    J.    HoTciiKiss. 

E.    X.    Lavfield. 


PROCEEDINGS  OF  THE  SOCIETY. 

MINUTES  OF  REGULAR  MEETING,  March  6,  1907. 

A  regular  meeting  of  the  Society  (No.  599),  was  held  the  evening  of 
Wednesday,  Alarch  6th,  1Q07. 

The  meeting  was  called  to  order  about  8:20  p.  m.  with  Vice-President 
Allen  in  the  Chair  and  about  no  members  and  guests  present.  The  Minutes 
of  the  meetings  held  February  6th  and  20th,  were  read  and  approved. 

The  Secretary  reported  from  the  Board  of  Direction,  that  at  the  regular 
meeting  of  March  sth,  there  were  elected  into  the  membership  of  the  Society 
the  following : 

Grade. 

J.  Wyman  Ludlow,  Chicago .  Active 

Edwin     Dinwiddie,    Chicago Active 

O.  E.  Soot,  Chicago Active 

James  L.  Mills,  Chicago Ttransfer  from  Junior  to  Active 

O.  A.  Turney,  Phoenix,  Ariz Active 

B.  W.  Seymour,  Chicago Active 

Edwin  H.  Cheney,  Chicago. Active 

A.  D.  Page,  Chicago Active 

T.  R.  Mincrt,  Chicago .Junior 

Frank  N.  Savage,  Chicago Active 

Also  that  applications  for  membership  in  the  Society  had  been  received 
from  the  following: 

Grade. 

E.  H.  Freeman,  Chicago Active 

Fred  C.  Harper,  Chicago Junior 

George  A.  Pennock,  Chicago .' Active 

George  Bright,  Elmhurst,  111 Junior 

Francis  S.  Peabody,  Chicago Associate 

Josiah  F.  Pinson,  Whitehall,  Mont Active 

James  H.  Collins,  Chicago Active 

Harry  B.  Gear,  Chicago Active 

George  W.  Waber,  Chicago Active 

W.  J.   Sullivan,  Ladysmith,  Wis Active 

Edward  H.   Ravenscroft.  Chicago Active 

Chas.  H.  Theilkuhl,  Chicago Active 

Hermann   Gansslen,   Chicago Active 

Mr.  L.  J.  Hotchkiss,  M.  W.  S.  E.,  was  then  introduced,  who  read  his 
paper  on  "Some  Details  of  Concrete  Construction,"  which  was  illustrated 
with  some  lantern  slide  views. 

Discussion  followed  from  Messrs.  Condron,  Chamberlain.  Hoyt,  Strehlow, 
Ewing,  Talbot,  Andrews  Allen  and  L.  J.  Hotchkiss. 

Dr.  W.  Michaelis,  Jr.,  m.w.s.e.,  was  then  introduced  who  read  his 
paiper  on  "How  to  Prevent  Failure  in  Concrete  Construction."  After  the 
reading  of  the  printed  paper  with  some  additional  pages,  the  meeting  ad- 
journed at  II  p.  m.  without  discussion  as  the  hour  was  too  late.  The  Chair- 
man, Mr.  Allen,  requested  that  written  discussion  of  those  papers  be  sent  in 
to  the  Secretary  for  use  in  the  Journal. 

EXTRA  MEETING,  March  20th,  1907. 

An  extra  meeting  of  the  Society  (No.  601),  was  held  Wednesday  even- 
ing, March  20th,  1907. 

The    meeting    was    called    to    order    about    8:15    p.    m.    with    President 
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Abbott  in  the  Chair  and  about  60  members  and  guests  present.  There  was 
no  business  to  bring  before  the  Society,  so  Prof.  L.  P.  Breckinridge,  m.w.s.e., 
was  introduced,  who  gave  ''A  Rez'iczv  of  the  U.  S.  Geological  Sun-ey 
Fuel-Tests  under  Steam  Boilers."  This  paper  was  printed  and  sent  out  in 
advance,  so  it  was  not  read  in  extenso  by  the  author,  but  was  abstracted  and 
commented  upon  in  a  verbal  presentation  of  the  subject. 

Discussion  followed  from  Messrs.  W.  L.  Abbott,  Ray,  Kreisinger,  Barker. 
Moss,  Holbrook,  W.  S.  Huyette.  Saxe.  Way,  C.  S.  McGovney,  C.  H.  Mc- 
Clure,  F.  Chauvet,  Bement  and  Prof.  Breckenridge. 

The  meeting  adjourned  about  10:25  P-  m- 

REGULAR  MEETIXG,  April  3rd,  1907. 

A  regular  meeting  of  the  Society  (Xc.  602)  was  held  the  evening  of 
Wednesday,  April  3rd,  1907. 

The  meeting  was  called  to  order  at  8:20  p.  m.  with  Vice-President  Allen 
in  the  Chair,  and  about  30  members  and  guests  present.  The  Minutes  of 
the  meetings  of  March  6th  and  20th,  1907,  were  read  and  approved.  The 
Secretary  reported  from  the  Board  of  Direction  that  at  their  meeting  held 
April  2nd,  the  following  were  elected  into  membership : 

Grade. 

J.  Guy  Hufi,  Nashville,  Tenn Active 

E.   H.    Freeman,   Chicago Active 

Fred   C.    Harper,    Chicago Junior 

George   A.   Pennock,   Chicago Active 

Francis   S.  Peabodj-.   Chicago Associate 

Josiah  F.  Pinson,  Whitehall,  Mont Active 

James    H.    Collins,    Chicago Active 

Harrj'^  B.    Gear,   Chicago Active 

James   W.  Waber,   Chicago Active 

W.  J.  Sullivan,  Ladysmith,  Wis Active 

Edward   H.    Ravenscroft,    Chicago Active 

Chas.   H.  Theilkuhl,   Chicago Active 

Also  that  applications  for  membership  had  been  received  from : 

Henry   J.    Sawtell,    Chicago Junior 

G.  F.  Gebhardt,   Chicago Active 

Ernest   Edward    Meier,   Chicago Junior 

Grant    Beebe,    Chicago Active 

John   C.   Gustaf son,   Chicago Junior 

Wilbur  M.  Wilson,  Ames,  Iowa Active 

J.  C.  Thorpe,    Crbana,  111 \ctive 

Fred    Schumacher,    Chicago , Active 

E.   T.   Bent,   Chicago Associate 

K.  Hojgaard,  Chicago    •  • Active 

The  Secretary  also  reported  the  action  of  the  Board  of  Direction,  in 
the  matter  of  searches  made  in  the  Library  of  the  American  Society  of 
Civil  Engineers.  The  following  from  the  Proceedings  of  the  A.  S.  C.  E. 
of  January-,  1907,  page  6,  was  read,  in  explanation  of  this  subject: 

"In  January,  1902,  the  Secretary  was  authorized  to  make  searches  in 
the  Library,  upon  request,  and  to  charge  therefor  the  actual  cost  to  the 
Society  for  the  extra  work  required.  Since  that  time  many  searches 
have  been  made,  and  bibliographies  and  other  information  op  special 
subjects  furnished. 

"The   resulting  satisfaction,  to  the  members  who  have  made  use  of  the 

resources   of   the   Society   in   this    manner,   has   been   expressed   frequently, 

and  leaves  little  doubt  that,  if  it  were  generally  known  to  the  membership 

that  such  work  would  be  undertaken,   many  would  avail  themselves  of  it. 

"The  cost  is  trifling,  compared  with  the  value  of  the  time  of  an  engineer 
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who  looks  up   such  matters  himself,   and  the   work  can  be  performed  quite 
as  well,   and  much  more  quickly,  by  persons   familiar  with   the  Libran,'. 

"Copies  of  all  lists  of  references  are  filed,  so  that  in  many  cases  it 
is  only  necessary  to  make  a  typewritten  copy,  which  reduces  the  cost  of 
searches   to   a   minimum. 

"In  asking  that  such  work  be  undertaken,  members  should  specify 
clearly  the  subject  to  be  covered,  and  whether  references  to  general  books 
only  are  desired,  or  whether  a  complete  bibliography,  involving  search 
through  periodical  literature,  is   desired." 

The  Secretary  also  referred  to  the  index  of  searches  made  as  shown 
on  page  20  of  the  same  issue  of  the  Proceedings  of  the  A.  S.  C.  E.,  to 
better  understand  what  searches  had  been  made.  He  then  stated  that  Mr. 
Brunner,  as  Chairman  of  the  Library  Committee,  had  written  to  Secretary 
Hunt,  of  the  A.  S.  C.  E.,  asking  if  the  benefit  of  such  searches  could  be 
extended  to  members  of  the  Western  Society  of  Engineers.  The  letter 
of  repl)',  from  ^Ir.  Hunt,  Secy.,  A.  S.  C.  E.,  showing  that  such  searches 
could  be  made  for  members  of  this  Society,  is  here  presented: 

"Answering  your  esteemed  favor  of  the  27th  ult.,  I  brought  the  matter 
therein  mentioned  to  the  attention  of  the  Board  of  Direction  of  this 
Society  at  the  meeting  held  on  the  5th  inst. 

"I  am  directed  to  say  that  the  Society  will  be  very  glad  to  furnish 
copies  of  the  searches  already  made  in  its  Library,  or  to  be  made  in  future, 
to  any  member  of  the  Western  Society  of  Engineers,  who  are  not  members 
of  the  American  Society  of  Civil  Engineers,  who  care  to  have  them  made, 
at  the  original  cost  of  making  the  search. 

'"Copies  of  these  searches  are  funished  to  members  of  the  Society  at 
one-half   that   cost. 

"I  beg  to  call  your  attention  to  the  fact  that  the  cost  is  really  a  very 
small  one,  the  average  cost  of  searches  made  to  date  being  a  little  over  $5, 
and  in  order  to  get  this  average  the  cost  of  one  or  two  very  expensive 
searches  was  used,  so  that  for  the  average  search  the  cost  is  considerably 
less  than  the  figure  named. 

"I  also  wish  to  call  your  attention  to  the  fact  that  in  many  cases 
these  searches  are  not  complete  bibliographies  on  the  subject  named,  in- 
asmuch as  they  have  been  made  for  specially  interested  parties,  and  have 
been  some  times  restricted  to  a  few  years,  and  in  a  few  cases  to  certain 
particular  periodicals,  or  indexes. 

"There  can  be  no  doubt  that  this  work  is  of  great  value  to  each  original 
inquirer,  and  that  in  some  cases  the  searches  can  be  made  available  for 
other  parties,  but  what  I  wish  to  make  clear  is  that  there  can  be  no  guar- 
antee in  ordering  a  copy  of  a  search  that  it  shall  be  a  complete  bib- 
liography on  the   subject." 

The  Secretary  also  stated  that  the  Board  of  Direction  desire  that  any 
requests  for  such  searches,  for  members  of  this  Society,  should  be  sent 
through  the  Secretary's  office  of  this   Society. 

The  Secretary  then  announced  the  recent  death  of  Mr.  Harmon  True- 
man,  M.W.S.E.,  on  Friday,  IMarch  22nd,  1907,  from  heart  failure.  On 
motion  of  Mr.  Layfield,  that  a  Committee  be  appointed  to  prepare  a  me- 
morial of  Mr.  Trueman,  the  Chair  appointed  Messrs.  E.  N.  Layfield  and 
Arthur  C.   Smith. 

There  being  no  other  business  to  bring  before  the  Societj',  the  Chair- 
man stated  that  the  paper  for  the  eevning,  "A  Colorado  Mountain  Reservoir" 
By  R.  M.  Hosea,  m.w.s.e.,  Denver,  Colo.,  would  be  read  by  the  Secre- 
tary in  the  absence  of  the  author.  The  paper  was  so  read,  with  lantern 
slide  illustrations,  and  was  followed  by  some  discussion  from  Messrs.  Allen, 
Burdick,  Warder  and  Storey. 

The   meeting  adjourned   about   9:40  p.   m.  J.    H.    Warder, 

Secretary. 
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MIXUTES  OF  THE  ELECTRICAL  SECTIOX,  March  15th,  1907. 

A  regular  meeting  of  the  Electrical  Section  (the  23rd),  being  an  extra 
meeting  of  the  Societ\'  (Xo.  600)  was  held  the  evening  of  Friday,  March 
15th.   1907. 

The  meeting  was  called  to  order  with  Mr.  C.  A.  S.  Howlett  in  the 
Chair  and  about  60  members  and  guests  present.  There  was  no  business 
to  bring  before  the  Section,  so  Mr.  J.  M.  S.  Waring,  Dist.  Engr.  of  the 
Electric  Storage  Battery  Co.,  was  introduced,  who  read  his  paper  on  'T/j^ 
AppUcaiion  of  the  Storage  Battery  for  Lighting,  Poxixr  and  Raiki.'ay 
Service." 

Discussion  followed  from  Messrs.  Junkerfeld,  C.  E.  Freeman,  Beck, 
Atkin,  Hewlett,  F.  M.  Davis,  Lake,  Taussig.  Roper  and  W.  D'A.  Ryan; 
with  a  closure  by  Mr.  Waring. 

The   meeting  adjourned   about    10:00  p.   m. 

ML\UTES  OF  MEETING,  April  12th,  1907. 

A  regular  meeting  of  the  Electrical  Section  (the  24th),  being  an  extra 
meeting  of  the  Society  (No.  603),  was  held  Friday  evening,  April  12th,  1907. 

As  it  was  a  stormy  evening  there  was  a  smaller  attendance  than  usual. 
The  meeting  was  called  to  order  about  8:10  p.  m.  by  the  Chairman,  C.  A. 
S.  Howlett,  with  about  35  members  and  guests  present.  The  Minutes 
of   the   preceding    meeting.    March    15th,   were    read    and    approved. 

The  Chairman  then  introduced  ^Ir.  Thos.  Lambert,  of  the  Chicago 
Telephone  Company.  He  then  surrendered  the  Chair  to  the  Vice-Chairman, 
Mr.  D.  W.  Roper,  and  excused  himself  from  the  meeting.  Mr.  Lambert 
addressed  the  meeting  on  "Pozver  IVnrk  as  Related  to  Telephone  Com^ 
viunication."     The  paper  was  illustrated  by  blackboard  sketches. 

Discussion  followed  from  Messrs.  F.  M.  Davis,  Roper,  Cravath.  L.  W. 
Carroll,  J.  B.  Thiess,  Wm.  Reid  and  Thos.  Lambert. 

The  meeting  adjourned  about  9:45  p.  m.-  J.  H.  Warder, 
Secretary. 

BOOK  REVIEWS. 

An  Extf.xsiox  of  the  Dewey  Decimal  System  of  Classification:  Ap- 
plied to  the  Engineering  Industries;  by  Professors  L.  P.  Breckenridge 
and  G.  A.  Goodenough,  Urbana,  111. 

The  Engineering  Experiment  Station  of  the  University  of  Illinois  has 
just  issued  Bulletin  No.  9  under  the  above  title.  Copies  have  been  sent 
to  members  of  the  Western  Society  of  Engineers,  and  it  is  hoped  that 
they  will  be  found  useful. 

The  Dewey  classification  system  has  been  used  for  several  years  by 
the  Mechanical  Engineering  Department.  University  of  Illinois,  in  connec- 
tion with  its  card  index  of  current  periodical  literature;  also  for  the  in- 
dexing of  catalogs,  drawings  and  miscellaneous  material,  and  as  the  result 
of  several  years  of  labor  on  the  part  of  students  and  instructors,  the  de- 
partment has  accumulated  a  valuable  card  index  of  technical  literature; 
the  number  of  cards  now  exceeds  20,000.  Arrangements  have  been  per- 
fected whereby  the  Library  of  the  Western  Society  of  Engineers  is  fur- 
nished with  duplicate  copies  of  these  cards  referring  to  important  articles 
on  mechanical  and  railway  engineering,  and  has  now  about  5.000  cards  in 
its  files.  These  are  numbered  according  to  the  extensions  of  the  Dewey 
system  contained  in  the  bulletin  mentioned.  The  abbreviations  for  the 
various  periodicals  are  the  same  as  those  given  in  the  Engineering  Index, 
Vol.  I\'.  The  Secretary  will  arrange  to  furnish  members  of  the  Society 
copies  of  these  cards  on  special  topics,  if  such  are  desired,  at  a  very  mod- 
erate price,  to  cover  the  cost  of  preparing  them. 

Members  of  the  Society  who  care  to   avail  themselves   of  the   Society's 
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card    index    or   copies    of    them,    or   who  .have   their   own    private    indexes, 
will  therefore  find  this  bulletin  helpful  as  a  guide  in  classification. 

It  should  be  remarked  that  the  present  extension  includes  practically- 
all  branches  of  engineering  industry.  For  the  first  time  an  adequate  exten- 
sion of  the  Dewey  system  for  electrical  engineering  has  been  worked  out. 
Bridge  engineering,  building,  and  metallurgy  have  also  been  somewhat 
extended.  The  bulletin  as  a  whole  is  a  self-contained  classification  covering 
the  ground  of  engineering  industrj^  and  should  prove  of  value  to  the 
engineering,  manufacturers,  and  technical  men  of  Illinois.  It  is  a  good 
piece  of  work  that  has  been  done  by  the  State  University. 

The  present  bulletin,  No.  g,  also  known  as  Vol.  IV,  No.  s,  Part  i ;  Nov.  i, 
1906,  is  a  pamphlet  of  72  pages,  standard  size,  6  by  9  ins.,  and  is  a  notable 
advance  over  the  first  edition  of  only  six  pages,  which  was  brought  out  a 
few  years  ago.  The  paper,  tj'pography  and  arrangement  is  most  excellent; 
this  pamphlet  should  be  a  valuable  addition  to  the  working  library  of 
engineers. 

Graphical  Hantibook  for  Reinforced  Concrete  Designs  By  John  Hawkes- 
worth,  C.  E.,  Engineer  with  Raymond  F.  Almirall,  Archt.  D.  Van  Nos- 
trand  Company,  New  York,  1906.  8M-^ii  ins.;  64  pages;  15  plates. 
Price  $2.50  net. 

This  book  contains  fifteen  plates  with  diagrams  for  use  in  designing 
the  size  and  amount  of  reinforcement  for  floors,  beams,  and  columns  of 
reinforced  concrete  construction.  These  diagrams  give  the  safe  resisting 
movement  for  beams  with  percentages  of  reinforcing  up  to  3%,  the 
resisting  moment  for  slabs  of  different  thicknesses  reinforced  in  one  direc- 
tion, the  bending  moment  in  pier  footings,  the  resisting  moment  of  beams 
and  slabs  of  depths  up  to  21  inches,  position  of  the  neutral  axis,  shearing 
resistance  of  beams,  allowable  load  on  columns  with  longitudinal  steel 
reinforcement  of  various  percentages,  loads  on  hooped  columns,  various 
graphical  multiplication  tables,  and  a  design  of  a  reinforced  concrete 
structure.  The  appendix  gives  the  derivation  of  the  formulas  for  rec- 
tangular  beams  and  T-beams,  for  columns  with  longitudinal  reinforce- 
ment, and  for  hooped  columns,  and  also  the  requirements  of  the  building 
code  of  New  York   City  in  regard  to   reinforced  concrete. 

The  diagrams  are  well  drawn  and  quite  conveniently  arranged  for  use. 
The  limiting  unit  stresses  are  generally  those  prescribed  by  the  building 
code  of  New  York  City,  though  the  author  has  used  the  parabolic  relation 
between  stress  and  deformation  in  the  concrete.  In  doing  this  he  has 
failed  to  recognize  that  the  ratio  of  stress  to  deformation  is  one-half  as 
great  at  the  vertex  of  the  parabola  as  at  the  beginning,  and  hence  that 
the  straight-line  value  of  the  modulus  of  elesticity  is  not  applicable.  This 
oversight  and  the  low  value  for  the  compressive  stress  in  concrete  specified 
have  the  effect  of  giving  much  lower  strength  to  beams  of  medium  rein- 
forcement than  would  be  accepted  by  many  engineers,  much  lower  strength, 
comparatively,  than  the  results  of  numerous  tests  by  various  experimenters. 
The  formulas  given  for  hooped  columns  can  not  be  said  to  be  well  estab- 
lished, and  the  diagrams  for  their  strength  are  therefore  of  dubious 
value.  The  book  would  be  better  if  the  example  of  design  of  a  rein- 
forced concrete  structure  had  been  omitted,  for  the  details  are  open  ta 
serious  criticism.  However,  as  a  set  of  diagrams  for  calculations  under 
the  conditions  assumed  in  the  text  and  with  limitations  such  as  are  sug- 
gested above,  the  book  is  to  be  commended  for  its  simplicity,  clearness, 
convenience,  and  practical  value.  Its  limitations  are  largely  those  of  the 
restrictions  of  the  building  ordinance  used.  A.  N.  T. 

Practical  Metal  Turning  :  A  handbook  for  Machinists,  Technical  Stu- 
dents and  Amateurs.  Jos.  G.  Horner ;  pp.  404  including  index ;  48S 
illustrations.  Norman  W.  Henley  Co.,  New  York.  Cloth,  8x5^  ins. 
Price  $3.50. 

This  is  an  excellent  work,  though  the  style  and  some  of  the  illustra- 
tions   betrays    its    English    origin.      Certain    terms    employed   do    not    sound 
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natural  to  a  Yankee,  yet  one  acquainted  with  the  subject  would  not  be 
confused.  He  would  find  the  book  full  of  valuable  information,  if  at  all 
conversant  with  the  subject.  To  a  technical  student,  or  a  "prentice,"  eager 
to  learn  all  he  can  of  his  craft,  the  book  will  be  found  pleasant  reading. 
After  the  introduction,  which  explains  the  relation  between  the  lathe 
shop  and  the  other  parts  of  a  machine  works.  The  subject  matter  is 
classed  under  Section  I,  The  Lathe,  lu  Work  and  the  Tools.  Section  II, 
Turning  Between  Centres.  Section  III,  Work  Supported  at  One  End. 
Section  IV",  Internal  Work.  Section  V,  Screw  Cutting  and  Turret  (lathe) 
Work;  and  finally  Section  VI,  Miscellaneous  Matters,  which  includes 
Special  Work,  ^leasurements,  Grinding,  Tool  Holders,  Tool  Steels  (special) 
with    Speeds    and    Feeds    for    Rapid    Work. 

The  advent  of  these  "High  Speed  Steel"  cutting  tools  has  introduced 
great  changes  in  the  output  of  the  lathe  shop  over  that  of  an  earlier 
generation  of  workmen,  and  the  instruct^ions  for  the  working  of  the  steel 
for  these  cutting  tools  is  very  properly  introduced  at  the  end  of  the 
book.  The  applicances  for  holding  the  work,  as  chucks  of  various  forms 
and  designs,  are  interesting  to  one  who  recalls  some  of  the  difficulties 
experienced  in  his  "prentice  days;"  and  he  thinks  with  regret,  how  he 
would  have  revelled  in  such  a  work  as  this  in  those  early,  eager  and  en- 
thusiastic days,  when  to  be  put  at  lathe  work,  was  counted  as  quite  an 
advance,  and  almost  as  a  "reward  of  merit'  for  previous  good  behavior  in 
the  shop.  W. 

The  Six-Chord  Spiral:  By  J.  R.  Stephens  C.  E..  Denver,  Col.:  68  pages 
5  by  '/y2  ins.,  cloth  $1.25,  boards  $1.00.  The  Engineering  Xews  Pub- 
lishing Co.,  New  York. 

One  of  the  essential  conditions  of  an  easy  riding  track  is  that  the  result- 
and  pressure  of  the  car  body  upon  the  rails  should  at  all  times  be  perpendic- 
ular to  the  plane  of  the  track.  It  therefore  follows  that  the  super-eleva- 
tion of  the  outer  rail  on  curves  should  at  all  points  be  proportional  to  the 
tiegree  of  curvature.  This  is  the  fundamental  principle  which  gives  rise 
to  the  necessity  for  an  easement  between  tangent  and  curves,  and  upon 
which  the  mathematical  construction  of  the  true  transition  curve  is  based. 
There  are  two  kinds  of  easement  curves  in  use,  viz. : 

First :  The  True  Transition  Curve,  based  on  the  principle  above  stated, 
which  has  a  radius  of  curvature  starting  at  infinity  and  decreasing  in  pro- 
portion to  the  length  of  the  curve  till  it  becomes  equal  to  that  of  the  main 
curve  with  which  it  connects. 

Second :  The  Compound  Transition  Curve,  which  is  a  series  of  com- 
pound curves,  approximating  more  or  less  closely  to  the  True  Transition 
Curve.  The  little  book  here  reviewed  treats  of  a  curve  belonging  to  the 
latter  class. 

Since  the  elevation  of  the  outer  rail  is  calculated  for  a  certain  definite 
speed,  it  is  a  misfit  for  any  other  speed.  Therefore,  the  adjustment  of  the 
super-elevation  to  the  degree  of  curvature  is  at  best  but  an  approxima- 
tion in  the  counter-action  of  centrifugal  force.  Experience  has  shown, 
however,  that  considerable  variation  may  exist  in  the  relation  between 
super-elevation,  curvature  and  speed  without  noticeably  aflfecting  the  rid- 
ing qualities  of  the  track.  An  easement  curve,  therefore,  that  is  reason- 
ably close  to  the  true  transition  curve  is  practically  as  good  as  the  lattc;, 
and  may  preferably  be  used  if  it  possesses  other  advantages  over  the  true 
curve.  The  reviewer  is  not  familiar  with  any  method,  heretofore  'pub- 
lished, treating  of  the  compound  transition  curve  that  is  as  simple  and 
elastic  as  the  true  curve.  In  this  respect  it  appears  that  the  author  has 
added  something  to  our  knowledge  of  transition  curves.  His  method  is 
ingenious  and  simple  and  produces  a  curve  coinciding  so  nearly  with  the 
true  transition  as  to  be  practically  identical.  The  formulas  are  few  and 
simple.  They  can  be  easily  memorized  or  written  on  the  fly  leaf  of  the  field 
book. 

The  author's  metliod  is  brielly  as  follows:     He  uses  a  spiral  of  six  equal 
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chords,  whose  arcs  are  circular  curves,  compounded  at  the  chord  points, 
and  uniformly  varying  in  curvature.  The  last  arc  coincides  with  the  main 
curve.  But  instead  of  running  the  six-chord  spiral  by  deflections  to  the 
chord  points,  he  uses  an  auxiliary  curve,  which  he  calls  a  one-chord  spiral. 
This  one-chord  spiral  is  a  circular  curve  three-fourths  the  length  of  the 
six-chord  and  has  a  radius  twice  that  of  the  main  curve.  It  corresponds 
to  the  four  intermediate  chords  of  the  six-chord  spiral.  It  is  run  simply 
as  a  compound  curve  on  the  end  of  the  main  curve ;  four  deflections  being 
used  which  locate  points  opposite  the  chord  points  of  the  six-chord  spiral, 
except  at  the  center  where  the  two  coincide.  By  means  of  small  lateral  off- 
sets, which  arc  readily  determined,  stakes  are  set  on  the  six-chord  spiral, 
while  deflections  are  turned  for  points  on  the  one-chord.  The  one-chord 
spiral,  six-chord  spiral  and  triie  transition  curve,  which  the  author  calls  the 
Track  Parabola,  all  bisect  the  off-set  between  the  tangent  and  main  curve 
produced.  The  degree  of  main  curve,  length  of  six-chord  spiral  and  main 
curve  off-set  are  inter-dependent.  The  first  is  known  and  one  of  the  last 
two  must  be  assumed  and  the  other  calculated.  The  method  is  perfectly 
elastic  and  the  use  of  tables  is  entirely  obviated. 

The  book  has  been  written  for  the  practical  man  rather  than  for  the 
students,  as  the  formulas  are  generally  dogmatically  stated,  and  in  some 
cases  require  considerable  labor  to  evolve.  The  text  is  supplemented  with 
numerous  practical  examples,  and  the  application  of  the  spiral  to  a  number 
of  special  problems  fully  worked  out.  On  the  whole  the  work  is  very  com- 
mendable. W.  C.  A. 

Railko.\d  Curve  Tables  :  Containing  a  comprehensive  Table  of  Functions 
of  a  One-Degree  Curve  with  Correction  Quantities,  giving  exact  values  for 
any  degree  of  curve,  etc.,  etc.  R.  S.  Henderson,  Chicago,  s  by  7  ins.,  69 
pages.  Price  $1.00,  cloth  bound.  The  Engineering  News  Publishing  Co., 
New  York. 

A  common  feature  in  field  books  for  railroad  engineers  is  a  table  of  sub- 
tangents  and  e.xternals  of  a  i  degree  curve,  from  which  the  value  of  these 
functions  for  a  curve  of  any  degree  may  be  derived  approximately  by  a  pro- 
cess of  simple  division.  By  the  application  of  certain  corrections,  given  in  an 
auxiliary  table,  results  accurate  enough  for  all  practical  purposes  may  be 
obtained.  The  method  is  simple  and  direct  and  there  is  much  to  be  said  in 
its  favor.  Curve  computations,  however,  are  of  so  simple  a  nature  that 
special  tables  of  this  kind  seem  almost  unnecessary.  In  this  book  very 
complete  tables  are  given  for  applying  this  method.  In  addition  to  the 
above  named  functions,  values  are  given  for  long  chord,  middle  ordinate, 
and  co-ordinates  X  and  Y,  for  angles  varying  from  i  degree  to  118  degrees. 
The  usual  feature  of  the  book  lies  in  the  table  of  corrections.  Only  one 
table  is  given,  applicable  to  all  functions.  This  is  made  possible  by  using 
as  argument  of  the  table  the  numerical  value  of  function  of  a  i  degree  curve. 
There  is  thus  no  necessity  for  considering  central  angle  or  the  nature  of  the 
function  in  taking  corrections  from  this  table.  There  is  also  a  complete 
table  of  radii,  a  table  of  seven-place  sines  and  tangents  and  several  minor 
tables.  Six  or  eight  pages  of  formulas  and  methods,  some  of  which  appear 
to  be  original,  complete  the  book.  On  the  whole,  the  book  is  complete  and 
sufficient  for  the  application  of  the  special  methods  outlined.  The  most 
j^erious  criticism  to  be  passed  on  it  is  in  connection  with  the  typography, 
which  is  poor.  J.  E.  M. 

MoDERX  Milling  Machines:     Their  design,  construction  and  operation,  by 

Jos.  G.  Horner.    9  by  6  ins. ;  pp.  304  with  index ;  266  illustrations  and  many 

tables.     The  Norman  W.  Henley  Co.,  New  York,  1906.    Cloth,  price  $4.00. 

^filling   machines    are    essentially   of    comparativelj'    recent    creation,    and 

their   development   and   use  seem   to   be   coincident   with   the   advent   of  the 

emery  grinding  tools.     In  a  general  way  it  may  be  said  that  milling  machines 

may  be    divided   into   two   great   classes;    one   where   the   work   is   traversed 

under,   or   past  the   rotating   cutting  tool,   and   the    other   where   the   cutting 

head  itself  is  traversed  and  the  work  is  stationary. 
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Again  tlie  "mill."'  or  cutting  tool,  may  Ijc  a  solid  piece  of  hardened 
steel,  rtuted,  to  give  a  number  of  equi-distant  cutting  edges,  or  separate  cut- 
ting tools  of  smaller  size  may  be  inserted  and  fastened  to  a  revolving  head; 
in  either  case  the  cutter  revolves,  that  one  after  another  of  the  cutting 
edges  may  be  brought  against  the  work.  One  great  advantage  of  milling 
cutters  is  that  as  they  consist  of  a  number  of  cutting  edges,  which  are  in- 
termittently engaged  in  cutting,  they  are  thus  not  heated  by  the  continuous 
cutting  operation,  which  is  the  characteristic  of  the  ordinary  lathe  tool. 
With  a  number  of  cutting  edges  of  comparatively  small  section,  which  each 
remove  but  a  small  portion  of  metal,  the  life  of  each  cutting  edge  is  pro- 
longed, and  yet  the  economical  removal  of  the  metal  is  frequently  greater 
than  by  other  methods.  Another  great  advantage  of  milling  machines  in 
machine  shop  work  is  that  the  "mills"  may  be  made  of  such  shapes  that 
the  finished  work,  i.  e.,  that  which  has  been  "milled,"  may  have  a  special  and 
predetermined  shape,  and  a  great  number  of  pieces  of  metal  may  be  succes- 
sivelj'  so  shaped  and  all  alike,  or  identical,  within  very  narrow  limits.  It 
was  the  growth  and  development  of  the  sewing  machine  and  small  arms 
manufacture,  which  gave  the  greatest  impetus  to  the  evolution  and  develop- 
ment of  the  Milling  Machine  Tools. 

The  book  under  review  is  full  of  illustrations  of  many  forms  of  Milling 
Machines  and  Cutters,  and  of  their  applications.  It  also  shows  methods  of 
holding  the  work  to  be  "milled  '  and  gives  advice  on  the  shaping  of  the  cut- 
ters or  mills,  the  spacing  of  the  cutting  edges,  the  rate  of  feed.  etc.  The 
hardening  of  these  mills  or  cutters  is  another  subject  of  importance,  but 
properly  belongs  to  books  treating  of  the  forging  and  hardening  of  tools. 

The  book  as  printed  is  a  valuable  addition  to  the  class  of  practical  works 
concerned  with  machine  shop  operation.  The  paper,  typography  and  illus- 
trations are  all  excellent.  \\'. 

CoN'CRETE  AND  Reixforced  Coxcrete  Coxstructiox  :  By  Homer  A.  Reid. 
Cloth;  6  by  9  ins.;  884  pp.;  715  illustrations.  The  Myron  C.  Clark  Pub- 
lishing Co..  New  York,  N.  Y.     Price  $5.00  net. 

This  book  of  34  chapters  covers  the  entire  field  of  concrete  and  reinforced 
concrete  construction,  though  the  treatment  of  reinforced  concrete  is  ac- 
corded a  fuller  space  than  the  subject  of  plain  concrete.  The  table  of  con- 
tents is  extremely  comprehensive  and  may  be  briefly  summed  up  as  follows : 
Historical  sketch  of  cement,  its  manufacture  and  applications  to  structural 
work;  various  classes  of  cement;  Portland  cement  manufacture,  properties, 
and  tests ;  sand,  broken  stone  and  gravel ;  proportioning  concrete,  with  a 
resume  of  the  rules  governing  the  mixtures  to  use,  as  set  forth  by  Thacher, 
Gillette,  Rafter,  and  others ;  mixing  and  placing  concrete,  with  many  prac- 
tical notes  and  comments;  cost  of  concrete,  with  itemized  costs  of  the  aggre- 
gates, the  handling,  the  placing,  the  forms,  etc. ;  finishing  concrete  surfaces ; 
general  physical  and  elastic  properties  of  concrete,  and  of  reinforcing  metal ; 
discussion  of  the  proper  disposition  of  reinforcement;  mechanical  bond; 
styles  of  slab  and  beam  reinforcement ;  theoretical  discussion  of  stresses 
and  flexure  in  straight  and  curved  members ;  theory  of  beams  and  columns, 
with  statement  and  discussion  of  the  formulas  originated  by  Prof.  A.  N. 
Talbot,  Capt.  John  S.  Sesvell,  Ransome,  Thacher,  Hennebique,  Coignet, 
Johnson  and  others;  foundations,  building,  retaining  walls,  dams,  conduits 
and  sewers,  tanks  and  reservoirs,  chimneys,  tunnels,  railroad  ties,  fence- 
posts,  piers,  bridges,  etc. ;  centering  for  arches ;  concrete  building  blocks. . 

While  this  wprk  covers  a  very  large  field  it  does  not  slight  any  portion 
of  that  field;  some  subjects,  which  have  attained  a  greater  degree  of 
standardization  than  others  are  accorded  less  space.  Subjects  like-  Theory 
of  Beams,  and  Theory  of  Columns,  concerning  which  there  is  still  a  great 
variation  of  opinion,  are  presented  quite  fully,  the  author  not  taking  the 
responsibility  of  choosing  among  the  great  numljcr  of  theories  and  formulas, 
any  certain  one  which  should  be  received  as  standard.  While  the  widely 
diverging  diflference  of  opinion  in  the  theoretical  phases  of  reinforced  con- 
crete is  lessening  vear  bv  vear.  so  that  we  mav  confidently  look  forward  to  a 
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comparatively  uniform  view  of  this  subject,  yet  the  time  for  this  has  not 
come,  and  since  standardization  has  not  been  reached,  it  is  necessary  for 
books  on  the  subject  to  include  all  the  leading  views  in  regard  to  any  phase, 
even  though  it  is  evident  that  time  will  discard  most  of  these.  It  is  this 
transitional  element  in  the  growth  of  reinforced  concrete  that  compels  an 
author,  who  wishes  to  cover  the  field  at  all  thoroughly,  to  produce  such  a 
lengthy  volume. 

The  last  half  of  the  book  dealing  with  structures  of  concrete,  plain  and 
reinforced,  presents  examples  from  actual  practice.  For  instance,  chapter 
XXV,  on  Retaining  Walls,  i8  pp.  in  length,  presents  examples  of  various 
classes  of  retaining  walls  as  erected  both  here  and  abroad  with  numerous 
illustrations  showing  the  reinforcement,  proportions,  etc. 

The  author  is  not  an  exponent  of  any  particular  system  of  reinforcement, 
but  shows  examples  of  numerous  vv'orks  according  to  all  the  leading  systems 
of  construction,  in  vogue  both  here  and  abroad. 

In  conclusion,  it  may  be  said  that  though  the  book  is  rather  large,  it 
is  not  too  heavy  to  be  handled  easily;  the  type  is  of  good  size;  the  illus- 
trations are  clear-cut  and  uniform,  and  the  arrangement  of  the  text  is,  in  the 
main,  logical.  While  this  book  is  not  a  better  one  than  several  others  on  the 
market,  either  as  regards  the  subject  matter  or  its  presentation,  the  fact  that 
it  is  the  most  recent  work  will  commend  it  to  many  readers,  inasmuch  as 
the  subject  of  reinforced  concrete  has  been  undergoing  a  gradual  change  for 
some  years,  and  the  art  has  not  yet  solidified  into  definite  standards  of 
practice.  .  .  A.  L. 

Desigx  of  a  Railway  Bridge  Pier:  By  Charles  Derleth,  Jr.,  C.  E.,  Asso- 
ciate Professor  of  Structural  Engineering,  University  of  California. 
Phamphlet,  6^  by  lo^  in.,  24  pp.  Engineering  News  Pub.  Co.,  New 
York.     1907.     Price,  50  cents. 

This  paper  on  the  subject  of  a  bridge  pier  follows  the  old  path  in  theory 
laid  down  by  text  books  and  engineers  years  ago,  and  is  hardly  in  keeping 
with  modern  ideas. 

Under  the  stability  of  the  pier,  the  author  considers  the  transverse  forces, 
such  as  wind,  ice  thrust,  current  pressure,  etc.,  and  wholly  neglects  the 
longitudinal  force  due  to  friction,  and  the  dynamic  action  of  the  moving 
load.  With  the  penetration  given,  the  stability  against  any  combination  of 
transverse  forces  need  never  be  questioned.  Especiall}-  is  this  true  of  a  pier 
for  a  double  track  bridge  resting  on  bed  rock.  However,  the  effect  of  the 
longitudinal  force  due  to  friction  is  of  far  greater  importance,  and  if  properly 
provided  for,  gives  the  entire  structure  a  certain  freedom  from  vibration 
during  the  passing  of  a  moving  load,  which  is  very  desirable.  Moreover, 
this  stability  comes  into  play  very  often  in  bridges  where  the  expansion 
rollers  fail  to  act,  or  become  clogged  for  some  reason,  and  the  writer  knows 
of  two  cases  where  this,  combined  with  the  dynamic  action  of  the  moving 
load,  has  resulted  in  the  opening  of  some  of  the  horizontal  joints  in  a  pier. 

The  pressure  on  bed  rock  due  to  gravity  alone,  neglecting  buoyancy  and 
skin  friction,  is  found  to  be  9  tons  per  sq.  ft.  This  the  author  considers 
safe  for  concrete  and  bed  rock,  but  he  fails  to  give  the  limiting  pressures 
in  such  cases.  For  sand  he  considers  this  pressure  too  high,  so  that  a  much 
larger  caisson  would  be  necessary  to  reduce  the  load  on  the  sand.  This  may 
be  true  with  small  penetrations;  but,  all  sand  foundations  should  be  put 
below  any  possible  scour,  so  that  the  permissible  pressure  on  sand  should 
be  dependent  upon  the  penetration  below  the  scour-line.  In  such  cases  pres- 
sures on  sand  have  exceeded  12  tons  per  sq.  ft.  without  yielding,  and  it 
can  be  shown  that,  for  great  penetrations  in  sand,  with  known  co-effi- 
cients for  friction,  the  entire  load  may  be  carried  by  the  skin  friction  alone, 
similar  to  the  grain  in  a  deep  bin  being  carried  by  the  friction  on  the  sides, 
alone. 

The  use  of  a  steel  caisson  is  questionable,  owing  to  its  excessive  cost,  as 
compared  with  wood  or  recent  concrete  caissons  used  for  similar  purposes. 
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The  metal  in  the  caisson  is  given  at  13.5  lbs.  per  cub.  ft.  of  caisson  volume, 
which,  at  four  cents  per  pound  in  place,  equals  54  cents  per  cub.  ft.  of  cais- 
son volume.  This  is  for  the  steel  alone;  and,  when  it  is  considered  that  the 
concrete  used  in  filling  the  caisson  will  cost  as  much  more,  making  a  total 
of  more  than  $1.00  per  cub.  ft.  of  caisson  volume,  the  estimated  cost  seems 
high  as  compared  with  a  concrete  caisson  costing  about  one  half  this  amount. 
In  neither  case  is  the  cost  of  sinking  considered.  J.  W.  S. 

TRADE  CATALOGUES. 

'■Practical  Irrigation."  Fairbanks,  ^lorse  &  Co.,  Chicago,  "No.  114" 
is  an  interesting  and  beautiful  piece  of  printers'  work, — beautiful  from 
the  typography,  illustrations,  paper,  etc.,  and  interesting  from  the  subject 
itself  and  the  valuable  information  contained  therein.  This  is  a  standard 
size  phamphlet  6  by  9  in.  of  36  pages,  and  shows  the  various  forms  of  pumps 
used  to  raise  water  for  irrigation  purposes,  and  the  different  motors  and 
arrangements  for  operating  the  pumps,  whether  by  air,  steam  or  electric 
power.  ^More  and  more  it  is  shown  throughout  the  country  the  very  valuable 
results  to  be  obtained  by  irrigation,  but  in  many  places  the  necessary  supply 
of  water  cannot  be  secured  by  a  gravity  flow.  But  it  has  been  shown  in 
numberless  cases  that  profitable  results  can  be  had  by  installing  a  pumping 
plant  to  elevate  the  water  for  irrigation  from  a  lower  level  than  the  land 
that  is  to  be  watered.  This  may  be  from  a  surface  stream,  below  the  general 
level  of  the  land  to  be  irrigated,  or  it  may  be  from  subterranean  water  sup- 
plies. Having  settled  the  question  of  the  water  supply,  the  next  question  is 
how  it  maj-  be  best  raised  to  the  required  elevation  to  give  a  gravity  flow 
where  needed. 

This  phamphlet  contains  such  illustrations  and  tables  as  to  greatly  help 
the  solution  of  such  problems.  Thanks  are  due  to  Messrs.  Fairbanks, 
Morse  &  Co.  for  such  a  book,  and  which  mav  be  had  for  the  asking. — No.  114. 

^^^ 

Jefiey  Conveying  IMachinery  for  Sawmills,  Lumber  ]\Iills  and  Wood 
Working  Industries.  Catalogue  No.  57  B,  issued  by  the  Jeffrey  Manufactur- 
ing Co..  Columbus.  Ohio,  is  a  standard  size  phamphlet  6  by  9  in.,  /2  pages ; 
filled  with  illustrations  of  various  types  of  conveyors,  and  of  their  manifold 
applications.  The  pictures  are  so  good  that  very  little  text  is  necessary  to 
make  clear  to  the  reader  the  great  economic  value  of  installing  some  one  of 
the  many  forms  of  conveying  apparatus,  which  the  Jeft'rey  Manufacturing 
Co.  can  furnish,  whether  it  be  in  the  specific  line  of  manufacture  stated  in 
the  title  above,  or  in  some  other  line  of  industry-. 

This  Company  was  established  in  1876,  and  in  the  last  30  years  wonder- 
ful advances  have  been  made  by  them  in  the  application  of  their  accumulated 
knowledge  and  experience,  in  the  installation  of  one  or  another  form  of 
labor  saving  elevating  and  conveying  machinery.  W. 
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A  REVIEW  OF  THE  UNITED  STATES  GEOLOGICAL  SURVEY  FUEL  TESTS 

UNDER  STEAM  BOILERS. 

Prof.  L.  P.  Breckenridge,  m.  \v.  s.  e. 

Presented  March   20,   1907. 

During  the  World's  Fair  at  St.  Louis,  there  was  constructed  and 
operated  by  the  United  States  government  a  plant  for  the  testing 
of  fuels.  x\uthority  for  this  was  granted  in  an  Act  of  Congress 
approved  February.  1904,  as  follows:  "For  analyzing  and  testing 
at  the  Louisiana  Purchase  Exposition  the  coals  and  lignites  of  the 
L'nited  States,  in  order  to  determine  their  fuel  values  and  the  most 
economic  method  for  their  utilization  for  different  purposes,  tmder 
the  supervision  of  the  Director  of  the  United  States  Geological  Sur- 
vey, thirty  thousand  dollars,  to  be  available  until  expended :  Pro- 
vided. That  all  testing  machinery  and  all  coal  and  lignites  to  be 
tested  shall  be  contributed  without  charge  to  the  Government."'  An 
additional  appropriation  of  $30,000  was  provided  in  April,  1904, 
making  a  total  of  $60,000.  Since  then  Congress  has  made  at  each 
session  additional  appropriations  for  continuing  these  tests,  as  well 
as  for  tests  of  structural  materiah 

During  the  World's  Fair,  the  Director  of  the  U.  S.  Geological 
Survey  placed  the  work  in  charge  of  a  committee  consisting  of  Ed- 
ward W.  Parker,  chairman,  Joseph  A.  Holmes  and  Marius  R. 
Campbell,  to  direct  the  construction  and  operations  of  the  plant. 
For  the  last  two  years  the  plant  has  been  operated  under  the  super- 
vision of  Dr.  Joseph  A.  Holmes  and  who  still  has  charge  of  the 
work. 

The  operations  of  the  fuel  testing  plant  have  been  sub-divided  as 
follows : 

1.  Field  Work. 

2.  Chemical  I^s^'estigatioxs. 

3.  Steaming  Tests. 

4.  Gas  Producer  Tests. 

5.  Coking  Tests. 

6.  Briouetting  Tests. 

7.  Washing  Tests. 

A  national  advisory  board  of  thirty  prominent  engineers  and  oth- 
ers has  been  appointed  by  the  President.  To  this  board  are  sub- 
mitted from  time  to  time  the  plans  of  the  several  sub-divisions  for 
discussion,  criticism  and  approval. 


286  Breckcnridge — Fuel  Tests  Under  Steam  Boilers. 

The  publications  of  the  U.  S.  Geological  Survey,  relating  to  the 
work  of  the  fuel  testing  plant  may  be  obtained  through  a  member 
of  Congress  or  by  direct  application  to  the  Director  of  the  Survey 
at  Washington.  Up  to  the  present  time,  three  publications  have 
been  issued,  but  several  more  are  in  press  and  should  soon  be  forth- 
coming. 

The  steaming  tests  have  been  made  under  the  direction  of  the 
writer  as  Engineer  in  charge  of  the  Boiler  Division,  During  the 
World's  Fair  series  of  trials,  the  steaming  tests  were  in  direct 
charge  of  Mr.  D.  T.  Randall,  and  since  that  time  in  charge  of  Mr. 
Walter  T.  Ray. 

Since  the  beginning  of  these  trials,  about  500  steaming  tests 
have  been  made.  In  all  of  these  trials  the  same  type  of  furnace  has 
been  used  under  two  boilers  exactly  alike.  The  same  fireman  has 
fired  by  hand  all  of  the  tests.  Coal  has  been  received  from  all  parts 
of  the  United  States.  It  has  been  necessary  to  test  these  coals  in 
turn  as  they  reached  the  plant.  In  this  way  coals  of  widely  varying 
nature  have  followed  one  another  in  our  schedule.  If  coals  of  the 
same  general  characteristics  could  have  been  tested  in  the  same 
group,  it  would  have  made  the  management  of  the  fires  more  sat- 
isfactory. In  some  cases  but  one  steaming  test  of  a  coal  has  been 
possible,  but  three  tests  under  varying  rates  of  combustion  have 
been  rim  when  feasible. 

The  complete  report  of  each  steaming  test  will  be  found  in  the 
government  reports.  In  the  present  paper  it  is  desired  to  present,, 
largely  by  graphical  charts,  a  few  of  the  results  obtained,  especially 
when  classified  under  the  several  headings  explained  in  the  text. 

Just  how  far  we  are  justified  in  making  comparisons  of  the  va- 
rious coals  tested,  the  writer  cannot  undertake  to  say.  Many  of  the 
coals  would  doubtless  have  given  better  results  in  another  type  of 
furnace.  Still  it  is  believed  that  with  the  large  number  of  tests 
available  for  comparison,  the  curves  presented  must  be  taken  to 
indicate  rather  emphatically  that  the  truth  lies  in  the  direction  sug- 
gested by  the  curves. 

The  preparation  of  the  charts  and  a  large  part  of  the  text  of  this 
paper  have  been  the  work  of  Messrs.  Ray,  Kreisinger,  Weeks  and 
Kuss  to  whom  due  acknowledgements  are  made. 

The  St.  Louis  plant  is  now  being  dismantled  and  moved  to  the 
site  of  the  Jamestown  Exposition.  It  is  supposed  that  a  perman- 
ent location  will  soon  be  chosen  for  this  plant  and  that  suitable 
laboratories  and  other  quarters  will  be  provided  for  its  work. 

The  work  of  the  Boiler  Division  of  the  Fuel  Testing  Plant  may 
be  divided  into  three  parts : 

(a)  Routine  steaming  tests  made  on  various  kinds  of  fuel.    . 

(b)  Analytical  study  of  the  properties  of  coal,  the  conditions 
under  which  steaming  tests  were  run  and  the  relation  of  the  two- 
to  the  economic  results. 

(c)  Special  investigations  and  deductions  pertaining  to  the  work 
of  this  division 
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PLAN 

ne.  4. 

All  the  steaming  tests  were  made  under  two  standard  Heine  wa- 
ter-tube boilers,  Fig.  4,  equipped  with  hand-fired  furnaces.  The 
leading  dimensions  of  the  boilers  and  settings  are  given  in  the  fol- 
lowing table: 

Table  No.    i. 

Leading  proportions  of  the  two  Heine  water-tube  boilers  used 
in  the  Steaming  Tests. 

Rated  capacity  of  boiler,  horse  power 
Water-heating  surface,  square   feet 

Super  heating  surface 

Furnace    Heine  Standard 

Kind  of  grate 


Grate  area,  square  feet 

Air  space  through  grate,  per  cent.  . 
Available  stack  draft,  inches  of  water 

Height  of  steel  stacks,  feet 

Area  of  steel  stacks,  square  feet.  .  . 
Number  of  tubes,  (3J/2  in.  dia.) .... 
Usual  steam  pressure  carried,  pounds 


Boiler  No  i 

Boiler  No.  2 

210 

210 

2031 

2031 

none 

none 

ne  Standard 

Fire-tile  Roof 

Plain 

McClave 

Rocking 

40.55 

364 

45 

35 

75 

•75 

"5 

115 

7.67 

7.67 

116 

116 

80 

80 
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The  two  boilers  used  for  the  steaming  tests  are  exactly  similar  in 
construction  and  setting.  Each  is  provided  with  its  own  stack  and 
fed  by  its  own  injector. 

The  following  definitions  of  the  "Efficiencies,"  as  used  in  this 
paper,  will  be  useful: 

(i)  The  over  all  efficiency  E^  of  steam  generating  apparatus ;  this 
is  the  ratio  of  the  heat  absorbed  by  the  boiler  and  carried  away  in 
steam,  to  the  potential  heat  of  the  coal  fired.  (A.  S.  M.  E. — code 
item  73.) 

(2)  The  efficiency  of  furnace  and  boiler,  E2 ;  this  is  the  ratio 
of  the  heat  absorbed  by  the  boiler  and  carried  away  in  steam,  to 
the  potential  heat  of  the  combustible  ascending  from  the  grate. 
(This  efficiency  is  identical  with  A.  S.  M.  E.  code  item  72.) 

In  the  government  report  the  combustible  ascending  from  the 
grate  was  computed  in  two  ways : 

(a)  Total  dry  coal  fired  minus  the  ash  computed  from  analysis 
of  dry  coal  minus  the  combustible  in  the  refuse. 

(b)  Total  dry  coal  fired  minus  the  total  refuse  of  the  test. 

The  furnace  and  boiler  efficiency  based  on  the  combustible  ascend- 
ing from  the  grate  computed  by  method  (a)  is  designated  as  item 
72*,  and  that  based  on  method  (b)  as  item  72.  Method  (a)  is 
preferable. 

(3)  Furnace  efficiency  E.,,  is  the  ratio  of  the  heat  actually  de- 
veloped in  the  furnace,  to  the  potential  heat  of  combustible  ascend- 
ing from  the  grate. 

(4)  True  boiler  efficiency  (E^),  is  the  ratio  of  the  heat  absorbed 
by  the  boiler,  to  the  heat  which  is  available  to  it.  The  heat  avail- 
able for  the  boiler  is  only  that  portion  of  the  heat  in  the  furnace 
gases  which  is  above  the  temperature  of  the  steam  in  the  boiler. 
The  remaining  portion  of  the  heat  in  the  furnace  gases  is  below 
the  temperature  of  the  boiler  and  cannot  be  absorbed  by  it. 

ROUTINE    STEAMING    TESTS. 

(a)  I'here  have  now  been  made  in  all,  about  500  steaming  tests 
on  coal  from  all  over  the  United  States.  In  table  No.  3  is  given 
the  number  of  coals  tested  from  each  state  and  a  few  average  re- 
sults of  the  tests.  Most  of  the  coals  were  of  the  bituminous  or  semi- 
bituminous  class.  These'  coals  were  burned  with  the  combined 
furnace  and  boiler  efficiency,  ranging  from  about  60  to  70  per  cent ; 
most  of  them  falling  close  to  66  per  cent  as  seen  in  Chart  No.  i. 
Curve  No.  i.  Several  tests  were  made  on  lower  grades  of  fuel,  high 
in  ash  and  moisture  such  as  lignites,  peat,  Brazil  coal,  Argentine 
coal,  and  washery  refuse.  Some  coals  contained  as  much  as  41 
per  cent  of  ash,  and  others  as  much  as  38  per  cent  of  moisture. 
When  forced  draft  was  used,  these  fuels  gave  fairly  good  results, 
both  in  capacity  and  efficiency.  Thus,  for  instance,  with  a  difference 
of  pressure  of  about  1%  in.  of  water,  between  the  base  of  the  stack 
and  the  ash  pit,  the  results  of  tests  made  on  two  lignites,  very  high 
in  moisture  and  a  test  made  on  washerv  refuse  are  as  follows : 
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Table  No.  2 
tests  of  lignites  and  washery  refuse. 

B.t.u.  per 
Duration     Test  FixeJ      Volatile    lb.  coal   Capacity 

Coal  hr>urs         No.     Moisture  '   Ash       Carbon     .Matter     as  firetl  per  cent  Item  73 

Te.xas    No.    4 7.1.3       298       36.30         8.19       24.90       30.61       7069       104.1       48 

Arkansas    No.    10 9.00       340       38.75       13.23       22.20       25.82       7760       104.0       53.76 

Washery    Refuse 7.18       479       10.83       41.82       30.14       17.21       7241         72.6       47,48 

Tlie  results  of  the  test  on  washery  refuse  could  probably  be  much 
improved  if  burned  in  a  furnace  with  large  grate  area  and  some 
mechanical  arrangement  for  removing  the  ash  from  the  fire.  One 
advantage  in  burning  "high  moisture"  fuel  over  "high  ash"  fuel, 
is  that  the  moisture  leaves  the  grate  in  the  form  of  vapor  and  does 
not  have  to  be  removed  mechanically  as  is  the  case  with  the  ash. 
It  is  very  likely  that  fuels  containing  very  high  percentages  of  inert 
matter  could  be  burned  efficiently  in  a  properly  designed  furnace. 
This  we  shall  admit  when  we  consider  that  in  foundry  cupolas  and 
blast  furnaces  very  high  temperatures  are  efficiently  attained  with 
a  mixture  of  coke  and  ore  or  pig  iron  containing  often  less  than  20 
per  cent  of  combustible. 

Table  No.  3 

table  showing  number  of  coals  tested  from  each  state  and 

averages  of  principal  results. 
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12021 
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Bituminous 
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8.11 
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14941 
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4.19 
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9.73 

65.07 
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14430 

15281 
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08.7 

7.85 

8.37 

63.45 
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12725 
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67.04 
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9 

5 

87.7 

5.75 

6.63 

56.85 
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11337 

13572 

■f. 

Alabama 

Arkansas 

Arkansas 

$  Brazil 

Colorado 

Florida 

Illinois 

Iowa 

Indiana 

Ind.    Ter. 

Kansas 

Kentucky   ( East) 

Kentucky     (West) 

Maryand 

Missouri 

New   Mexico 

New  Mexico 

North    Dakota 

Ohio 

Pennsylvania 

Rhode    Island 

Tennessee 

Texas 

Virginia 

Washington 

West   Virginia 

Wyoming 

'Forced  draft. 

iral   draft  0.8  inches  of  water.  d    v    ii 

■  coal  was  in  a  class  of  its  f.wii..    It  was  high  in  ash  and  fi.\ed  caibon,  lumed  slowly  and  without  smoke.     Probably 
:  was  nearest  to  the  semi-anthracite  class. 
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ANALYTICAL    STUDY    OF    PROPERTIES    OF    COAL,    ETC. 

(b)  The  coals  tested  under  steam  boilers  were  classified  in  va- 
rious ways,  and  the  economic  results  of  the  tests  of  the  different 
classes  were  co!npared.  Charts  Nos.  i  to  8  show  a  few  of  the 
classifications  plotted  from  the  results  of  steaming  tests. 

In  all  curves  of  this  paper,  the  small  numbers  by  the  points,  in- 
dicate the  number  of  tests  averaged,  and  the  four-place  numbers 
indicate  the  highest  and  lowest  efficiencies  of  each  group. 
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Explanation  of  Charts. 
Chart  No.  i  is  based  on  about  300  tests  of  coals  from  all  over 
the  United  States,  classified  according  to  the  percentage  of  "volatile 
matter"  in  the  "combustible,''  and  considering  as  combustible,  that 
portion  of  coal  remaining  after  taking  out  the  moisture  and  ash  as 
determined  by  the  proximate  analysis. 
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Curve  No.  I,  is  similar  to  many  obtained  by  other  investigators ; 
it  means  that  one  should  beware  of  a  high  percentage  of  "volatile 
matter,"  but  not  necessarily  that  a  high  "volatile  matter  coal"  is 
poor,  for  a  great  deal  depends  on  the  composition  of  the  coal, 
inasmuch  as  different  coals  break  down  very  differently  on  heating. 
It  has  been  noted,  that,  in  general,  the  high  "volatile  matter"  coals, 
have  some  other  undesirable  features,  such  as  high  ash  content.    The 
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COAL    AND      CFFLCIENCY     ITEM    73            CLASSIFIED   ON    TWO 
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CHART    NO  Z. 

TESTS    lao- *ie. 

most  important  thing  to  emphasize  is,  that  even  with  an  apparaitus 
having  a  good  furnace,  the  high  "volatile  matter"  coals  are  at  a 
slight  disadvantage. 

Curve  No.  2,  shows  that  the  combustion  chamber  temperature 
rises  with  the  "volatile  matter"  of  the  coal,  up  to  about  38  per 
cent  and  then  drops.  The  rise  of  the  temperature  is  due  to  the 
fact  that  the  "volatile  matter"  of  the  coal  is  driven  off  the  fuel  bed 


292 


Brcckcnridge — Fuel  Tests  Under  Steam  Boilers. 


and  burns  in  the  combustion  chamber,  so  that  the  temperature  of 
tlie  gases  of  combustion  is  measured  before  the  heat  is  dissipated 
from  them.  The  rise  is  also  due  to  the  increased  rate  of  combus- 
tion ;  for  as  the  '"volatile  matter"  increases,  the  coal  burns  more 
rapidly,  and  less  air  is  used  to  burn  one  pound  of  combustible. 

Beyond  38  per  cent  of  "volatile  matter,"  the  coals  become  high 
in  ash  and  moisture,  in  fact  all  the  lignites  are  classed  among  the 
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CHART    NO.     ^ 

coals  at  the  right  hand  end.  Both  the  ash  and  the  moisture,  reduce 
the  combustion  chamber  temperature.  The  high  ash  causes  a  slower 
rate  of  combustion  and  consequently  more  air  is  used  per  pound  of 
"combustible."  The  moisture  lowers  the  temperature  directly  by  its 
high  specific  and  latent  heat.  Work  on  the  constitution  of  the  cel- 
lulose derivatives  of  coals  now  being  done  at  this  Plant,  and 
at  several  other  places,  should  give  some  valuable  information  on 
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such  practical  questions  as  these.  The  customary  "proximate 
analysis"  is  only  an  empirical  method  and  can  be  expected  to  give 
nothing  more  than  clues ;  much  more  is  to  be  expected  from  ulti- 
mate analysis. 

Chart  Xo.  2  is  based  on  286  reliable  tests,  classified  according 
to  each  of  the  two  items,  "Percent  of  Ash  in  Ultimate  Analysis  of 
Dry  Coal":  ?nd.  "Over-All  Efficiency,  Code  Item  73,"  which  item 
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TESTS   I-7S  ^ERE  ALL  MADE  AT  ABOUT  CAPACITY. 
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CHART  NO.  4. 
:lass(fication  of  coal 

GtNCRAL  CURVES 

is  the  ratio  of  the  heat  put  into  the  water,  to  the  potential  heat  in 
the  coal,  put  onto  the  grate.  Referring  to  the  upper  curve  it  is 
noticeable  that  the  ash  aft'ects  the  efficiency  by  only  two  or  three 
per  cent  until  the  ash  content,  rises  above  twenty  per  cent,  when 
the  efficiency  falls  rapidly ;  there  are,  however,  not  so  many  tests 
in  the  last  two  points  as  in  the  others. 

The  lower  curve  shows  the  same  fact  inversely,  that  is,  the  high 
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efficiency  tests  are  on  coals  low  in  ash  ;  it  indicates  that  an  ash  in- 
crease of  one  per  cent  causes  a  drop  of  about  one-half  per  cent  in 
efficiency  for  each  per  cent  of  ash,  or,  only  one-fourth  as  much  as 
in  the  upper  curve.  The  average  then,  is  about  one  per  cent  de- 
crease in  efficiency  for  one  per  cent  increase  in  ash.  The  five 
points  on  the  left  end  of  the  lower  curve  represent  tests  on  low  ash 
lignites,  and  therefore,  are  really  not  comparable  with  the  others. 

The  two  curves  show  that  ash  is  undesirable ;  but  even  so  the 
commercial  choice  of  coals,  so  far  as  ash  is  concerned,  is  more  a 
question  of  price,  freight  rates,  labor  costs  and  storage  capacity. 

Chart  No.  3,  contains  two  separate  curves,  each  based  on  the 
same  tests,  and  is  self-explanatory.  The  upper  curve  is  somewhat 
misleading  because  the  poorer  coals  contained  on  the  average  more 
free  moisture.  Just  what  effect  different  percentages  of  free  mois- 
ture would  have  in  the  case  of  the  same  coal,  reckoning  above  dry 
coal,  is  still  undetermined.  This  is  a  line  of  investigation  that  will 
be  taken  up  in  the  future.  This  curve  merely  indicates  that  coals 
high  in  free  moisture  should  be  suspected  and  watched,  especially 
when  burning  them  in  furnaces  of  this  particular  type. 

The  great  variability  of  the  lower  curve  suggests  that  ordinary 
percentages  of  ash  have  little  effect  on  efficiency,  and  that  the  best 
efficiencies  are  obtained  only  with  low  ash.  No  doubt  other  appar- 
atus is  available  which' would  give  better  results  op  dirty  coal,  than 
have  been  obtained  by  hand  firing  on  a  plain  grate. 

Chart  No.  4,  is  based  on  the  classification  of  coal  according 
to  carbon  hydrogen  ratio  in  air-dried  coal.  (Coal  is  air-dried  in 
the  laboratory  before  analysis  m.erely  to  facilitate  accuracy.  It  really 
has  no  scientific  or  practical  significance.)  One  hundred  and  sev- 
enty-four tests  were  employed  for  this  purpose  on  about  seventy- 
five  different  coals.  \\'ashed,  dried  and  briquetted  coals  were  re- 
jected. It  was  not  expected  that  this  classification  would  be  of  as 
much  service  as  one  based  on  the  same  ratio  in  either  coal  as  re- 
ceived or  in  dry  coal,  since  the  amount  of  drying  to  which  a  sample 
is  subjected  is  dependent  upon  the  conditions,  which  vary  from  day 
to  day.  The  statement  just  made  seems  to  be  borne  out  by  the 
fact  that  the  average  points  from  which  Curve  No.  i  (the  general 
efficiency  curve)  is  derived,  fall  farther  from  such  a  curve  than  is 
the  case  in  the  general  curves  derived  from  the  ratio  of  carbon  to 
"hydrogen  using  either  coal  as  received  or  dry  coal. 

The  ratio  of  carbon  to  hydrogen  should  have  been  obtained  from 
the  ultimate  analysis  of  the  boiler  test  sample  after  air  drying,  but 
this  data  was  not  available.  The  ratio  used  is  really  calculated  on 
the  air  dried  coal  of  the  car  sample.  This  might  account  for  some 
of  the  variations  of  some  of  the  points  from  the  curve. 

Curve  No.  2.  A  broken  line  joining  average  per  cent  rating  for 
all  tests  coming  in  each  group  is  shown  on  the  chart. 

Curve  No.  j?  shows  the  relations  between  carbon-hydrogen  ratios 
on  air  dried  coal  and  efficiency  for  boiler  tests  conducted  during 
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1904  by  the  U.  S.  Geological  Survey.  The  tests  in  which  washed 
;and  briquetted  coals  were  burned  are  omitted. 

It  was  decided  to  abandon  this  classification  and  to  use  the  ratio 
of  carbon  to  hydrogen  of  coal  as  received  and  of  dry  coal. 

The  curves  and  conclusions  on  classifications,  based  on  carbon- 
liydrogen  ratios  of  coal  as  received  and  of  dry  coal,  were  derived 
from  approximately  two  hundred  and  fifty  (250)  boiler  tests  run 
in  one  series.  The  tests  included  raw,  washed,  briquetted  and  a 
few  mixed  coals. 

The  relative  values  of  the  classifications  were  based  on  the  uni- 
formitv  of  the  general  efficiency  curves,  efficiency  here  meaning  the 
•efficiency  of  the  boiler  on  the  combustible  basis,  (the  combustible 
■consumed  as  shown  by  approximate  analysis  less  the  combustible 
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lost  in  refuse  as  determined  by  its  analysis).     The  item  used  for 
the  efficiency  is  yz'-'',  defined  above. 

CI.ASSIFICATIOX  BY  RATIO  OF  CARBON  TO  HYDROGEN  OF 
ULTIMATE  ANALYSIS  OF  COAL  AS  RECEIVED. 

Chart  Xo.  5.  Here  the  carbon-hydrogen  ratios  were  com- 
puted from  the  uUimate  analyses  made  by  the  "Chemical  Division" 
on  boiler  test  samples. 

These  ratios  were  divided  into  six  groups,  as  follows : 

Group  K,  including  all  values  up  to  11. 2. 

Group  L,  from  11. 2  to  12.5. 

Group  M,  from  12.5  to  14.5. 

Group  N,  from  14.5  to  15.5 

Group  O,  from  15.5  to  17.0. 

Group  F,  all  values  over  17.0. 

The  several  items  in  each  group  were  then  averaged  and  curves 
plotted  on  the  following:  Efficiency  (72"^^)  ;  per  cent  CO  loss;  com- 
bustion chamber  temperature  (by  Wanner  Optical  Pyrometer)  ;  per 
cent  of  rated  capacity  of  boiler  developed ;  pounds  of  dry  chim- 
ney gases  per  pound  of  "combustible"  Tcoal  free  from  ash  and  mosi- 
ture)  ;  B.  t.  u.  per  pound  of  dry  coal. 

.  A  comparison  of  the  averages  just  mentioned  shows  that  no  one 
item  was  maintained  constant  or  even  approximately  so,  so  that 
whatever  conclusions  may  be  made  thereon  must  necessarily  be 
considered  anything  but  absolute. 

Particular  mention  had  best  be  made  concerning  the  per  cent  of 
rated  capacity  attained  in  the  trials  which  if  maintained  constant 
might  have  aided  materially  in  defining  more  closely  the  relative 
causes  and  effects  as  indicated  by  the  other  items,  although  it  is 
believed  that  these  items  are  as  much  dependent  upon  the  kind  of 
coal  as  upon  the  per  cent  of  rated  capacity  attained. 

The  curve  drawn  along  the  average  efficiency  points  on  the  chart 
is  so  uniform  that  the  conclusion  might  easily  be  reached  that  a 
classification  such  as  the  ratio  of  carbon  to  hydrogen  is  of  much 
value.  On  selecting  an  individual  group  there  is  no  such  close 
agreement,  as  is  shown  by  the  range  of  efficiencies  noted  at  each 
point  of  the  general  efficiency  curve.  The  general  curve  shows  a 
gradual  increase  of  efficiency  as  the  ratio  of  carbon  to  hydrogen 
increases,  becoming  horizontal   for  the  high  ratios. 

A  comparison  of  the  highest  efficiencies  of  the  groups  shows  a 
marked  uniformity.  The  range  of  efficiencies  in  each  group  (not 
shown  on  the  chart")  decreases  as  the  ratio  of  carbon  to  hydrogen 
increases,  thus  seeming  to  indicate  that  efficient  burning  of  coals  of 
a  lower  carbon  to  hydrogen  ratio,  is  a  matter  of  much  greater  un- 
certainty than  when  the  ratio  is  high. 

The  curve  of  per  cent  CO  loss,  indicates  maximum  incomplete 
combustion  in  the  low  ratio  groups,  decreasing  to  nearly  zero  in 
the  high  ratio  groups.     This  is  in  accord  with  the  statement  made 
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regarding:  the  uncertainty  of  burning  coals  of  a  low  carbon-hydro- 
gen ratio. 

The  B.  t.  u.  curve,  No.  6,  rises  as  the  carbon-hydrogen  ratio  in- 
creases. 

A  broken  line  connecting  the  averages  of  the  per  cent  or  rated 
capacity  of  each  group,  is  shown  by  Curve  Xo.  4.  This  line  points 
out  a  wide  variation  in  capacity  attained.     The  figures  given  with 
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each  point  on  the  general  curve,  show  a  much  wider  range  of 
the  same  item  as  between  the  different  trials  of  each  group,  than 
between  groups.  The  variation  of  per  cent  rating  tended  to  remove 
t.ie  average  dnciency  from  a  uniform  efficiency  curve;  the  average 
efficiency  increased,  in  general,  as  the  average  per  cent  of  rating 
decreased. 

From  the  combustion  chamber  temperature  points,   we  obtain  a 
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broken  line  which  is  nearly  parallel  to  the  per  cent  of  rated  capacity- 
line.  The  highest  temperatures  were  obtained  in  the  middle  groups^ 
the  lowest  temperature  in  the  highest  groups. 

It  is  difficult  to  arrive  at  a  conclusion  from  the  line  representing 
the  number  of  pounds  of  dry  chimney  gases  per  pound  of  "com- 
bustible." 

Chart  No.  6.  Here  the  classification  has  been  made  by  using: 
the  ratio  of  carbon  to  total  hydrogen  as  determined  by  the  ultimate 
analysis  of  dry  coal.  By  this  method  we  eliminate  that  portion  of 
the  hydrogen  that  appears  in  the  moisture  determined  by  the  offi- 
cial proximate  analysis,  and  there  should  consequently  result  a  more 
nearly  constant  carbon-hydrogen  ratio  for  any  given  coal. 

The  ratios  were  divided  into  seven  different  groups  as  follows : 

Group  A,  including  all  values  up  to  14.5. 

Group  B,  from  14.5  to  15.0. 

Group  C,  from  15.0  to  15.5. 

Group  D,  from  15.5  to  16.0, 

Group  E,  from  16.0  to  16.5. 

Group  X,  from  16.5  to  17.5. 

Group  Y,  all  values  over  17.5. 

As  in  the  previous  classification,  all  the  values  in  each  group  were 
averaged  and  each  average  plotted  with  its  corresponding  average 
of  carbon-hydrogen  ratio. 

There  is  no  particular  difiference  in  the  general  curves  as  derived 
from  the  two  classifications,  based  on  dry  coal  and  coal  as  received. 
To  this  general  chart,  two  more  curves  have  been  added,  that  i& 
a  curve  of  average  diameter  of  coal  and  one  of  per  cent  of  clinker  in 
the  refuse. 

The  curve  No.  7,  of  average  diameter  of  coal  as  fired,  shows 
that  for  the  higher  ratios  of  carbon  to  hydrogen  there  is  a  gradual 
reduction  in  average  diaineter.  Nearly  all  of  the  coals  used  in  the 
tests  passed  through  the  same  crusher.  It  is  not  to  be  assumed  that 
the  ratio  of  carbon  to  hydrogen  influences  the  ease  with  which  the 
coal  breaks  for  this  can  be  accounted  for  in  other  ways.  The  coals 
of  low  carbon-hydrogen  ratio  contain  the  highest  per  cent  of  clinker 
in  refuse,  W'hich  is  accidental. 

Curve  No.  i.  Theoretical  Efficiency  of  Boiler  as  a  Heat  Absorber 
at  Temperature  Below,  is  relative  only  and  is  probably  as  a  whole 
either  too  high  or  too  low,  and  the  various  points  of  it  may  be  high 
or  low  relative  to  each  other,  but  it  serves  its  general  purpose, — to 
show  less  complete  combustion  of  the  coals  low  in  carbon-hydrogen 
ratio ;  the  distance  between  this  curve  and  the  "72"  efficiency  curve, 
is  greater,  the  lower  the  carbon-hydrogen  ratio. 

Chart  No.  7  gives  a  classification  of  efficiency  (72*)  on  a  ratio 
of  carbon  to  available  hydrogen  as  a  basis.  As  the  ratio  of  carbon 
to  available  hydrogen  increases,  there  is  a  considerable  increase 
in  efficiency   (72)  ;  however,  the  curve  is  very  irregular. 

Curve  No.  i  and  No.  2  are  similar  but  on  two  different  series  of 
tests. 
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Curve  No.  J  is  a  classification  of  efificiency  (72)  on  available 
hydrogen  as  a  basis.  The  efficiency  varies  but  little  over  the  entire 
range  of  available  hydrogen. 
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EFFECT     OF     SIZE     OF     COAL. 

Preliminary  to  the  section  devoted  to  the  results  obtained  by 
using  coal  of  different  sizes,  it  is  necessary  to  state  how  the  coal  is 
received  at  the  United  States  Coal-Testing  Plant  and  how  the  size 
is  determined  and  to  suggest  how  more  might  be  done  with  size 
of  coal. 

Nearly  all  of  the  coal  tested,  was  passed  through  a  crusher ;  con- 
sequently coals  of  widely  varying  characteristics  were  reduced  to- 
the  same  size.  Therefore,  by  classifying  coals  on  a  size  basis,  as 
was  done,  we  have,  for  instance,  averaged  a  good  eastern  coal,  with 
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a  poor-grade  western  coal.  While  on  the  average,  sice  shows  some 
few  general  relations,  it  would  seem  that  the  best  comparable  data 
could  be  obtained,  by  taking  one  coal,  say  mine  run,  and,  after 
separating  the  various  sizes,  making  a  series  of  tests  on  each  size. 
Even  in  this  way  one  would  not  be  testing  the  same  grade  of  coal 
since  the  smaller  sizes  are  sure  to  be  higher  in  ash,  but  neverthe- 
less this  is  the  commercial  side  of  the  problem. 

Determining  Average  Diameter. — A  part  of  the  sample  of  ihe 
coal  tested  is  passed  through  a  revolving  screen  perforated  its  en- 
tire length  with  round  holes  varying  in  size  from  yi-'m.  to  i-in.  in 
diameter.  These  holes  are  arranged  in  strips  of  varying  width,  the 
width  decreasing  as  the  size  of  hole  increases.  The  coal  passing 
through  each  hole  is  weighed  separately  and  the  data  from  boiler 
room  as  reported,  is  shown  in  Table  4. 

Table  No.- 4. 

SIZING  TEST  OF  COAL. 

,   r-     1      Pounds  of   Coa!  ,,,  .   ,        »   ,-•     i 

Diameter  of         P""' '^^^  "^V  V°^'      Thru  Each  Set  Weight  of   Coal 

Hole.  (Inches)         Thru  Each  Set          of  Holes   Kc-  Dttermii.ing 

of  Holes.                duced  to  1.00  Average  Di- 

Pounds  ameter. 

123  4 

yi  20  20.4  2.6 

Va  14  14-3  3-6 

y^  18  18.4  6.9 

1/2  12  12.2  6.1 

y^  27  27.6  20.7 

I  -      4  4.1  4-1 

i>^  3  3-0  4-5 


98  lb.  icxD.o  48.5 

lOO.O 

Column  No.  2  shows  that  98  lb.  of  coal  was  sized.  No  attempt  is 
ever  made  to  weigh  out  exactly  100  lb.  so  the  weights  must  be  re- 
duced to  100  as  has  been  done  in  Column  No.  3.  We  now  have  the_ 
percentages  of  the  various  sizes  of  coal.  In  an  average  diameter 
each  of  the  above  percentages  has  a  certain  weight,  this  being  de- 
termined by  the  diameter  it  represents.  In  getting  average  diameter 
then.  Column  No.  3  is  multiplied  by  Column  No.  i  and  the  sum 
of  this  column  of  products,  divided  by  100,  gives  the  average 
diameter.  Column  No.  4  is  divided  by  100  which  is  the  same  as 
writing  No.  3  in  per  cent. 

Chart  No.  8,  was  made  on  the  coals  tested  from  Test  89,  to 
Test  401.  and  shows  that  as  the  average  diameter  increased  from 
0.33  to  1.26-in.  the  capacity  increased  about  15  per  cent;  the  highest 
efficiency  {72*)  values  were  obtained  with  the  smallest  sizes;  there 
was  practically  no  change  in  the  efficiency  of  the  furnace ;  there  was 
a  slight  decrease  in  the  pounds  of  dry  chimney  gases  per  pound  of 


Breckciiridge—Fucl  Tests  Under  Steam  Boilers. 


301 


combustible ;  the  carbon-hydrogen  ratio  figured  from  the  drv  coal 
decreased  considerably,  showing  that  tlie  good  coals  fall  in  the 
groups  of  smallest  average  diameter,  this  being  probably  due  to  the 
fact  that  some  of  the  good  coals  broke  up  badly  in  transportation 
and  in  passing  through  the  crusher ;  the  combustion  chamber  tem- 
perature increased  about  400  Deg.  Fahr. 
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NO.-7     CARBON  -  HYDROGEN    RATIO    IN   DRV   COAL .                                         TES'S    e3-«=" 

NO-e     RATIO    OF     CARBON     TO    AVAILABLE      HYDROGEN 

This  is  so  different  from  the  usual  conclusion  that  it  should  be 
borne  in  mind  that  it  is  only  tentative,  because  other  conditions 
varied  so  widely.  The  study  of  effect  of  size  as  above  outlined  is 
not  specialized  enough,  for  undoubtedly  other  factors  than  average 
size  are  influential,  perhaps  percentage  of  voids,  as  dependent  on 
percentage  of  various  sizes  forming  average  diameter,  shape  of 
pieces,  etc. 

In  discussing  the  effect  of  average  size  of  coal  as  based  on  these 
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tests  it  is  well  to  remember  that  none  of  the  coal  is  really  fine,  for 
the  lowest  average  sizes  are  about  0.3  of  an  inch ;  the  same  applies 
to  the  other  end,  for  the  largest  sizes  averaged  only  1.25  inches. 

FURNACE   TEMPERATURES. 

Statements  are  often  made  that  high   furnace  temperatures  are 
accompanied  by  high  over-all  efficiency  and  that  the  highest  possi- 
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9 

ble  furnace  temperature  should  always  be  striven  for  to  obtain  the 
best  fuel  economy.  To  test  these  statements,  the  boiler  trials  made 
at  the  Coal-Testing  Plant  were  grouped  into  classes  according  to 
the  temperature  in  the  rear  of  the  combustion  chamber  and  the 
averages  for  the  corresponding  results  of  the  trials  were  obtained. 
The  temperatures  in  the  rear  of  the  combustion  chamber  were 
taken  with  a  "Wanner  Optical  Pyrometer,"  through  a  two  inch 
opening  in  the  side  wall.     This  opening  was  about  eight  inches  in 
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front  of  the  gas  passage  from  the  combustion  chamber  into  the 
tube  chamber.  For  most  of  the  tests,  readings  were  taken  every 
ten  minutes ;  for  others  the  readings  were  taken  every  twenty  min- 
utes. The  pyrometer  was  standardized  every  morning  when  the 
test  was  started. 

Chart  No.  9,  is  a  classification  of  217  tests  on  many  coals  from 
all  over  the  country,  based  on  temperature  in  the  rear  of  the  com- 
bustion chamber.  In  general,  the  poorer  coals  fall  on  the  left  part 
of  the  sheet.  The  most  interesting  showing  is  that  the  "boiler- 
efficiency,"  (j2*),  rises  only  2  per  cent  as  the  combustion  cham- 
ber temperature  rises  from  1800  to  2700  Deg.  Fahr.  This  is  in 
accordance  with  other  charts  and  the  theory  of  boilers,  given  else- 
where in  this  paper,  to  the  effect  that  a  rise  of  about  1000  Deg. 
Fahr.  in  furnace  temperature,  improves  the  boiler  efficiency  as  a 
heat  absorber  only  about  10  per  cent,  most  of  which  gain  is  lost 
owing  to  the  restricted  oxygen  supply  required  to  get  the  high  tem- 
peratures. 

Curve  No.  2,  shows  a  slight  but  persistent  rise  of  COo  content  in 
flue  gases  with  increasing  furnace  temperatures,  as  is  reasonable;  it 
ought  to  be  more  marked ;  but  air  infiltration  through  the  settings 
reduced  the  COo  percentage  somewhat. 

Curve  A^o.  j,  shows  a  decided  increase  in  amount  of  steam  made 
as  the  temperature  rises.  Since  capacity  is  the  rate  of  absorption 
of  heat  by  the  boiler,  the  capacity  must  necessarily  increase  with  rise 
of  combustion-chamber  temperature. 

On  examining  the  coals  of  the  tests  plotted  in  Ch.a.rt  No.  9,  it 
was  found  that  some  of  the  eastern  semi-bituminous,  short-flaming 
coals  were  averaged  with  the  western  coals  and  this  raised  the 
efficiency  of  the  groups  on  the  left  hand  of  the  curve  in  Chart 
No.  9. 

Chart  No.  10  was  compiled  to  find  whether  the  small  variation 
in  efficiency  above  referred  to  was  due  to  the  fact  that  different 
classes  of  coals  were  used  in  the  compilation  of  Chart.  No.  9.  In 
Chart  No.  10  only  coals  from  the  Illinois  coal  basin  were  used. 
The  striking  showing  of  this  chart  is  that  the  "Boiler  Effi- 
ciency" (72*)  is  practically  constant  throughout  the  whole  range 
of  furnace  temperature.  If  anything,  the  tests  with  the  tempera- 
tures from  2050  to  2350  Deg.  Fahr.  have  the  highest  efficiency. 
All  these  coals  are  inclined  to  evolve  compounds  difficult  to  burn, 
and  thus  it  is  that  the  lower  the  percentage  of  oxygen  present  and 
the  higher  the  temperature  above  any  reasonable  ignition  point,  the 
less  complete  is  the  combustion. 

With  these  coals,  the  decreasing  efficiency  of  combustion  in  our 
apparatus  seems  to  off-set  the  increasing  efficiency  of  the  boiler  as 
a  heat  absorber,  which  is  only  about  10  per  cent  or  12  per  cent 
within  the  range  1850  to  2850  Deg.  Fahr,  judging  from  the  work 
given  elsewhere. 

In  this  chart,  as  in  all  others  where  capacity  is  shown  as  a  function 
of  temperature,  the  two  rise  together.     This  is  clear  on  remember- 
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ing  that  much  heat  is  absorbed  through  the  tile  roof  of  the  furnace, 
and  the  greater  the  amount  of  coal  burned,  the  less  in  percentage 
will  this  absorption  amount  to,  so  that  the  temperature  at  the  last 
point  of  combustion  is  higher.  There  are  also  minor  reasons,  mostly 
based  on  this  same  fundamental  cause. 

In  the  same  chart  Curve  No.  3  shows  the  interesting  feature  that 
the  sum  of  the  loss  up  the  stack,  plus  the  unaccounted  for  in  the 
heat  balance,  is  very  nearly  constant  for  all  temperatures,  although 
to  get  high  combustion  chamber  temperature,  less  air  is  used  for 
combustion  and  the  loss  up  the  stack  is  reduced ;  the  unaccounted 
for  rise  makes  up  for  what  is  saved  on  waste  gases. 
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Tt3T3         IZ5*385 

Ihe  objection  will  probably  be  made  that  in  the  efficiency  curves 
of  Charts  Nos.  9  and  10,  no  attention  was  paid  to  the  capacity,  and 
that  tests  with  high  combustion  chamber  temperatures  were  run  at 
high  capacity  which  reduced  the  efficiency.  To  remove  this  objec- 
tion the  tests  of  Chart  No.  9  were  classified  into  capacity  groups ; 
each  of  these  capacity  groups  was  then  sub-divided  into  smaller 
groups  according  to  combustion  chamber  temperature  and  the  aver- 
age efficiencies  for  these  groups  were  then  obtaind.  Table  No.  5 
shows  the  relation  of  the  combustion  chamber  temperature  and  the 
efficiency  of  each  capacity  group. 

No  attempt  is  made  here  to  discuss  in  detail  the  causes  of  the 
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showing  of  this  tah!e.  It  indicates  that  for  every  capacity  group 
the  "boiler-efficiency"'  (72"^)  is  independent  of  the  combus- 
tion-chamber temperature,  and  practically  constant  throughout  the 
whole  range  of  temperature.  The  suggested  explanation  is.  that 
as  the  temperature  of  combustion  rises,  the  oxygen  content  of  the 
gases  decreases,  which  reduces  the  completeness  of  combustion 
sufficiently  to  nearly  neutralize  the  slight  rise  of  boiler  efficiency, 
due  to  higher  initial  temperatures.  This  same  result  is  shown  for 
all  tests  grouped  with  regard  to  amount  of  coal  burned,  in  Charts 
Nos.  9  and  10.  This  table  is  one  of  the  most  significant  in  this 
paper. 

Table  No.  5 

relation  between  combustion  chamber  temperature  and  effi- 
ciency on  tests  run  at  same  capacity. 


70    to 


PER    CENT    RATED    CAPACITY    DEVELOPED. 
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(>i.07 
65.04 


1880 
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66.35 
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68.54 
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Average   Efficiency  72*   for   Each  Group. 

64.89  64.12 
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2046 
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2325 
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67.46 
65.88 
69.23 
65.45 
65.88 
69.41 
68.61 
64.97 


2248 
2368 
2457 
25.54 
2627 
2722 
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67.32 
65.63 
65.83 
64.88 
65.80 
68.06 


Average  Efficiency  72*  for   Each  Group. 

66.(30  (:5.95 


2256 
2327 
2474 
25.50 
2660 
2839 


65.09 
66.46 
67.55 
66.10 
05.22 
66.55 
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2i:90 
2345 
2448 
2534 
2653 
2708 
2864 


66.19 
67.44 
05.03 
65.83 
6.5.01 
(•4.61 
73.64 


Charts  Xos.  it  and  12,  and  the  upper  curve  in  Chart 
port  the  suggested  explanation  made  in  the  last  paragraph, 
lack  of  rise  of  the  boiler  and  furnace  efficiency  with  the 
combustion  chamber  temperature,  is  due  to  incompleteness 
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bustion.  Chart  No.  ii  shows  that  as  the  combustion  chamber  tem- 
perature rises,  the  per  cent  of  CO2  in  the  flue  gases  does  not  in- 
crease in  proportion  with  the  temperature  and  that  the  per  cent 
of  CO  rises.  This  rise  of  CO  increases  rapidly  after  the  tempera- 
ture reaches  2400  Deg.  Fahr. 
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The  upper  curve  of  Chart  No.  13  indicates  that  in  general  high 
unaccounted  for  is  accompanied  by  high  CO  loss,  which  in  turn 
is  only  an  indication  of  incomplete  combustion.  It  can  be  reason- 
ably expected  that  when  CO  occurs,  the  flue  gases  contain  other 
combustible  gases,  which  although  they  ma}-  be  in  immeasureable 
quantities,  may  account  for  a  heat  loss  even  double  that  indicated 
by  CO. 

The  lower  curve  of  the  same  Chart  shows  that  high  efficiencies 
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were  obtained  with  a  low  CO  in  the  flue  gases,  while  the  low  effi- 
ciencies are  accompanied  by  high  CO. 

It  stands  to  reason  to  attribute  part  of  the  unaccounted  for  to 
the  escape  of  unburned  hydrocarbon  gases  and  smoke,  and  that  the 
unaccounted  for  increase,  is  due  to  the  increased  hydrocarbon 
losses. 

The  percentage  of  the  radiation  loss  is  nearly  the  same  for 
the  same  capacity  and  rather  smaller  in  percentage  as  the  cap- 
acity increases.  It  was  assumed  that  the  radition  loss  at  80  per 
cent  of  rated  capacity,  was  5  per  cent,  and  at  130  per  cent  rated 
capacity  is  3.45  per  cent.  The  radiation  losses  for  other  capac- 
ities were  found  from  a  straight  line  joining  these  two  points. 
The  above  assumption  was  arrived  at  by  considering  that  2-5  of 
the  radiation  occurs  from  the  boiler  proper  and  is  constant  in  quan- 
tity of  heat  fcr  constant  pressure,  and  3-5  of  the  radiation  is  from 
the  furnace  walls  and  front ;  this  latter  portion  of  the  radiation 
varies  with  the  temperature  of  the  furnace  and  may  be  taken  to 
vary  with  capacity.  Thus  the  constant  radiation  from  the  boiler 
proper  makes  the  total  radiation  less  in  per  cottage  for  high  capaci- 
ties than   for  low  capacities. 

The  radiation  from  the  boiler  proper  was  determined  by  a  series 
of  radiation  tests  made  on  boiler  No.  i.  The  uptake  of  the  boiler 
was  closed  by  boards  and  these  were  covered  with  a  layer  of  as- 
bestos cement  to  prevent  the  escape  of  heat.  The  furnace  and  ash 
pit  doors  were  bricked  up  so  that  cold  air  could  not  enter  the 
setting.  The  boiler  was  emptied  of  water  and  live  steam  from 
another  boiler  was  run  into  it.  After  the  boiler  and  the  air  inside 
of  the  setting  had  been  thoroughly  heated,  the  steam  condensed  for 
two  hours  was  weighed,  this  condensation  being  a  measure  of  the 
constant  heat  radiation  from  the  boiler  proper. 

Table  A'o.  6,  gives  the  results  of  six  radiation  tests. 

Table  No.  6 
results  of  radiation  tests. 

Boiler  room 

Steam  Pressure     Steam  Condensed  B.  t.  u.  radi-  Steam  Temper-  temperature 

Test  No.          lb.  bv  ea^e              per  hour.  lbs.  ated  per  hour  ature  deg.  Fahr.  deg.  Fahr 

I     76.7                       201  178,600                       321  90 

II     76.5                       191.1  169,900                       321 

III     82.5                       190.2  173,600                       325.4  92 

IV     8).0                       217  192,800                       323.5  92 

V     77.0                       211.8  188,300                       321.4  90 

VI      76.0 199.4  177,200                        321  90 

Total     408.7                    1,216.5  1,080,400                    1,933.3  454 

Average     7S.11                        202.7  180,070                        322.2  90.5 

The  above  method  of  determining  radiation  is  perhaps  crude, 
nevertheless  it  will  help  in  obtaining  relative  results. 

Having  the  radiation  loss  determined,  the  incomplete  combus- 
tion is  equal  to  the  unaccounted  for  item  minus  the  radiation  loss 
and  plus  the  CO  loss.  The  furnace  efficiency  is  equal  to  or  propor- 
tioned to    100  minus   incomplete   combustion.     The   above   is   tlie 
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general  principle  by  which  the  furnace  efficiencies  used  in  Chart 
No.  12  were  obtained. 

Chart  Xo.  12  shows  that  as  the  CO,  content  in  the  flue  gases 
increases,  the  efficiency  of  the  furnace  drops,  and  this  drop  is 
very  rapid  after  the  amount  of  CO,  in  the  flue  gases  reaches  a  cer- 
tain limit.  This  is  contradictory  to  the  statements  sometimes  made 
that  high  furnace  temperatures  are  accompanied  by  high  furnace 
efficiencies.  To  obtain  high  temperature,  the  air  supply  must  be 
reduced,  and  this  reduction  of  air  necessarily  increases  the  incom- 
pleteness of  combustion,  as  shewn  by  Chart.  Xo.  it. 
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Chart  X'o.  14  gives  Variation  of  Tempe*rature  in  Heine  Furnace 
with  Firing,  as  observed  with  Wanner  Optical  Pyrometer.  In  this 
chart  are  shown  the  variations  of  the  temperatures  in  the  fuel  bed, 
over  the  fire,  and  in  the  combustion  chamber,  with  two  very  dif- 
ferent coals.  These  temperatures  were  taken  with  the  Wanner  Op- 
tical Pyromter.  which  was  standardized  before  and  after  each  series 
of  observations.  Every  series  of  readings  was  taken  without  dis- 
connecting the  pyrometer  from  the  battery  after  the  standardiza- 
tion. Owing  to  the  fact  that  only  one  pyrometer  was  available,  the 
temperatures  were  not  taken  simultaneously. 

The  chart  shows  clearlv  the  following  three  things: 
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(i)  During  and  shortly  after  each  firing  the  temperature  over 
the  fire  and  to  some  extent  the  temperature  in  the  fuel  bed  drops  and 
the  temperature  in  the  combustion  chamber  rises.  The  explanation 
of  this  variation  is  that  when  fresh  coal  is  thrown  over  the  fuel 
bed  the  '"volatile  matter"  is  distilled  off  and  is  carried  into  the 
combustion  chamber  where  it  burns  and  the  temperature  there 
rises.  The  distillation  of  "volatile  matter"  is  a  cooling  process  and 
is  undoubtedly  the  cause  of  the  drop  of  temperature  in  the  fuel 
bed  and  over  the  fire. 
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(2)  The  peaks  in  the  combustion-chariiber-temperature  curve, 
and  the  depressions  in  the  over-fire-temperature,  are  wider  for  Ohio 
No.  8,  a  coal  high  in  "volatile  matter,"  than  for  West  Virginia  Xo. 
19,  a  coal  low  in  "volatile  matter."    The  widths  show  that  the  "vola- 
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tile  matter"  is  distilled  oft"  and  burned  in  shorter  time  in  the  West 
Virginia  coal  than  in  the  Ohio  coal. 

(3)  Combustion  chamber  temperature  is  much  higher  with  Ohio 
No.  8  than  with  West  Virginia  No.  19.  Fuel  bed  and  over  fire 
temperature  is  higher  with  West  Virginia  No.  19  than  with  Ohio 
No.  8.  This  shows  that  most  of  the  West  Virginia  No.  19  coal 
burns  on  the  grate  and  only  little  in  the  combustion  chamber,  while 
the  opposite  is  true  of  Ohio  No.  8. 
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VARIATION!  OF    TEMPERATURE  IN  HEINE  F 
WITH     FIRING 
OBSERVED  WITH  WANNER  OPTICAL  PVRO 

URMACE 
METER. 

The  amount  of  coal  charged  each  firing  was  from  fifty  to  sixty 
pounds. 

Chart  No.  15  gives  a  comparison  of  the  combustion  chamber 
temperatures  taken  with  the  "Wanner  optical  pyrometer,"  with  the 
rise  in  temperature  of  water  from  a  water-jacketed  gas  sampler,  in- 
serted in  the  rear  of  the  combustion  chamber. 
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»  A  mercurv  thermometer  was  inserted  into  the  water  outlet  of  the 
gas  sampler  shown  in  Fig.  i,  and  the  temperature  of  the  water  was 
read  simultaneously  with  the  optical  pyrometer.  The  two  curves 
agree  very  well,  the  temperature  of  the  water  lagging  slightly.  The 
elevation  of  temperature  at  A,  B,  C,  in  the  water  curve,  is  due  to  re- 
duction of  pressure  in  the  vvater  main,  caused  by  water  being  taken 
into  the  measuring  tanks  for  feeding  the  boiler.  The  curves  should 
run  as  shown  bv  the  dotted  lines — A.  D.  C. 
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SECTION     Ot'i    A£ 


FIG.  1 

WATER  JACKETED    GAS     SAMPLER 


The  true  boiler  efficiency  (EJ  indicates  the  real  measure  of  the 
boiler  as  a  heat  absorber.  It  depends  largley  on  the  design  of  the 
boiler  and  the  baffles,  and  seems  to  be  effected  but  little  by  capacity 
and  initial  temperatures.  This  means,  that  any  one  particular  boiler 
will  absorb  always  nearly  the  same  percentage  of  the  heat  which 
is  available  to  it/no  matter  what  the  capacity  or  initial  temperature 
is.  This  statement  is  particularly  more  true  about  boilers  of  the 
Heine  tvpe  where  the  heat  absorbed  by  radiation  is  small  in  per- 
centage." However  this  does  not  mean  that  high  initial  tempera- 
ture? are  not  desirable.  The  higher  the  initial  temperature  the 
more  heat  is  available  for  the  boiler  and  the  more  heat  the  boiler 
will  absorb,  and  the  higher  the  ordinarily  used  boiler  efficiency  will 
be,  although  the  true  boiler  efficiency  may  remain  constant. 

If  the  true  boiler  efficiency  is  to  remain  nearly  constant  the  ratio 
of  the  temperature  of  the  gases  leaving  the  heating  surface  of  the 
boiler,  to  the  initial  temperature  of  the  gases  entering  the  boiler 
remains  nearly  constant,  both  temperatures  being  reckoned  from 
the  temperature  of  steam. 

Chart  No.  i6,  shows  graphically  the  relation  in  our  apparatus 
between  combustion  chamber  and  flue  temperature  for  212  tests. 
Tests  having  doubtful  readings  are  omitted.     This  chart  indicates 
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that  in  general,  the  flue  gas  temperature  rises  with  the  combustion 
chamber  temperature. 

Take  the  lowest  point  on  the  chart,  which  is  an  average  of  nine 
tests,  the  flue  gas  temperature  is  566  Deg.  Fahr.  and  the  combus- 
tion chamber  temperature  is  1957  Deg.  Fahr.  The  temperature  of 
steam  at  80  lb.  of  gage  pressure  is  324  Deg.  Fahr.  so  that  the  flue 
gas  temperature  above  that  of  steam  is 
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and  the  combustion  chamber  above  that  of  steam  is 

1957—324=1633  Deg.  Fahr. 

I '533 
The  ratio  then  is  =^  6.76. 

24.2 

The  highest  point  on  the  chart  gives  flue  gas  temperature  628 
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Deg.  Fahr.  and  the  combustion  chamber  temperature  is  2730  Deg. 
Fahr.     The  ilue  gas  temperature  above  that  of  steam  is 
628 — 324—304   Dei;-.    Fahr. 

and  the  combustion  chamber  temperature 

2730 — 324—2406  Deg.  Fahr. 
2406 

The  ratio  is  =rr  7.91. 

304 
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This  is  rather  a  close  agreement,  for  such  a  wide  range  of  com- 
bustion  chamber  temperatures. 

Chart  Xo.  17  shows  the  true  boiler  efficiency  computed  for  about 
400  of  the  boiler  tests  made  at  the  Coal-Testing  Plant ;  the  upper 
curve  shows  that  most  of  the  tests  fall  close  to  82.5  per  cent  with  a 
fewer  and  fewer  tests  falling  farther  and  farther  on  each  side  of 
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this  value.  The  curve  shows  that  the  probable  true  efficiency  (E^) 
of  our  boiler  is  about  82.5  per  cent.  The  lower  curve  of  Chart 
No.  17  is  a  similar  curve  for  the  same  tests  using  the  furnace  and 
boiler  efficiency  (code  item  72'').  It  will  be  noticed  that  the  sides 
are  not  as  symmetrical  as  in  the  upper  curve  and  that  the  hump  is 
much  wider  horizontally.  It  must  be  said  here  that  the  flue  gas 
analysis  and  the  flue  gas  temperature,  which  enter  into  the  calcula- 
tion of  the  heat  available  for  the  boiler,  are  the  two  data  of  a  boiler 
trial  which  are  the  most  difficult  to  obtain  accurately.     The  inac- 
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curacy  of  the  flue  gas  analysis,  lies  in  that  it  is  very  difficult  to  obtain 
a  sample  of  the  gas  which  will  represent  the  average  product  of 
combustion  of  the  test.  The  inaccuracy  of  the  flue  gas  temperature 
is  due  to  the  fact  that  the  stream  of  gases  in  the  uptake  have  dif- 
ferent a  temperature  in  different  parts  of  the  same  cross  section. 
Furthermore  the  thermometer  bulb  always  radiates  heat  to  colder 
surfaces  such  as  steam  drum  and  boiler  tubes  to  which  it  is  ex- 
posed and  indicates  lower  temperature  than  that  of  the  surrounding 
gases.* 

*If  visible  by  a  cold  or  hot  surface  the  thermometer  bulb  radiates  heat 
or  receives  heat  by  radiation.  It  receives  heat  from  or  imparts  heat  to  sur- 
rounding gases  by  conduction  and  convection.      At    equilibrium  the    rate  of   heat 
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It  may  be  well  in  this  connection,  to  mention  the  four  factors 
which  influence  the  rate  of  heat  transmission  through  a  boiler 
plate  as  far  as  abstraction  of  heat  from  gases  is  concerned,  aside 
from  the  radiation  from  fire  and  furnace  wall.  These  four  factors 
are : 

(i)  Temperature  difference  between  the  gases  and  boiler  plate. 

(2)  Density  of  gases  or  number  of  molecules  per  unit  of  volume. 

(3)  Specific  heat  of  gases  at  constant  pressure. 

(4)  Velocity  of  gas,  parallel  to  the  heating  surface. 

As  a  rule  only  the  first  of  these  four  factors  is  considered — tem- 
perature difference  between  gases  and  boiler  plate,  but  it  requires 
only  a  little  consideration  to  see  that  as  the  temperature  of  the  gases 
is  raised,  the  gas  expands  and  the  number  of  molecules  beating 
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radiation  is  equal  to  the  rate  of  heat  impartation  by  the  gases  by  conduction  and 
convection.  There  is  a  difference  in  temperature  between  the  bulb  and  the  ga.ses 
corresponding  to  the  rate  of  the  heat  impartation  and  heat  radiation.  We  know- 
that  on  a  sunny  day,  a  thermometer  in  the  sunshine  does  not  indicate  the  temperature 
of  the  surrounding  air,  but  a  temperature  much  higher  than  that.  Ahhough  the 
difference  in  temperature  is  very  large,  the  cone  of  vision  in  that  case  is  very  small. 
In  the  case  of  a  thermometer  in  the  uptake  the  surfaces  on  all  sides  of  the  thermom- 
eter bulb  are  colder,  and  although  the  temperature  difference  is  only  two  or  three 
hundred  degrees,  the  radiation  from  the  thermometer  must  be  quite  appreciable. 
(This  heat  radiation  causes  considerable  trouble  in  temperature  measurements  in  the 
small  boiler  experiments.) 
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against  any  square  inch  of  heating  surface  decreases  nearly  as  fast. 

The  specific  heat  of  gases  of  combustion  with  various  amounts  of 
excess  of  air  is  very  nearly  constant  so  that  the  third  item  may  be 
neglected. 

The  fourth  item — the  velocity  of  gases  parallel  with  the  heating 
surface  of  the  boiler — is  what  keeps  the  true  boiler  efficiency  nearly 
constant  and  makes  the  boiler  respond  to  sudden  demands  for 
steam  when  burning  more  coal,  making  more  gases  and  passing 
them  over  the  heating  surface  with  higher  velocity. 

The  above  statement  expressed  mathematically  is, 
H=KCp  Vd  (T— t)  ; 
where  H  is  the  heat  transmitted  per  second  per  unit  of  heating 
surface 

K=zz  constant 

Cp:=specific  heat  of  gases  at  constant  pressure 

\'==the   velocity   of   gases 

d=the  density  of  gases 

T^the  temperature  of  the  moving  gases 

t  =:the  temperature  "of  the  dry  side  of  the  heating  surface. 

The  above  theory  of  the  rate  of  the  heat  transmission  has  been 
advanced  by  Prof.  John  Perry  and  is  published  in  his  book  on  The 
Steam  Engine  and  Gas  and  Oil  Engines. 

Chart  No.  i8  shows  graphically  how  the  rate  of  heat  transmis- 
sion is  affected  by  air  supply  and  the  temperature  of  the  product  of 
combustion,  A\'hen  one  pound  of  carbon  is  burned  with  various  sup- 
plies of  air.  The  arrows  indicate  which  scale  should  be  used  with 
each  curve.  The  highest  curve  on  the  chart  shows  the  relation  be- 
tween the  heat  transmitted  per  second  per  unit  of  heating  surface 
and  the  temperature  of  the  product  of  combustion.  It  is  the  above 
given  equation  plotted  when  H,  V,  d  and  T  vary  with  varying  sup- 
ply of.  air  for  the  combustion  of  one  pound  of  carbon.  The  middle 
curve  shows  the  relation  between  the  heat  transmitted  per  second 
and  the  weight  of  the  products  of  combustion.  The  lowest  curve 
gives  the  relation  between  the  weight  of  the  products  of  combus- 
tion and  the  resulting  temperature.  Using  the  scale  at  the  right 
hand  of  the  chart  and  the  lowest  curve  we  find  the  temperature  for 
any  weight  of  the  product  of  combustion  from  the  scale  at  the 
bottom  of  the  chart.  Following  then  the  vertical  line  of  the  tem- 
perature of  the  product  of  combustion  we  find  by  means  of  the 
highest  curve,  the  relative  quantity  of  heat  transmitted  per  second 
from  the  scale  at  the  left  hand.  The  same  results  can  be  obtained 
from  the  middle  curve  by  using  the  scales  at  the  top  and  at  the  left 
hand  of  the  chart.  The  working  range  of  pounds  of  gases  per 
pound  of  carbon,  in  steam  boiler  practice  is  about  from  40  to  16 
pounds,  which  corresponds  to  a  temperature  range  of  1600  to 
4000  Deg.  Fahr.  of  the  product  of  combustion.  For  this  range  of 
temperature,  the  relative  amount  of  heat  transmitted  increases  from 
5.2  to  6.0.    After  the  temperature  gets  above  2000  Deg.  Fahr.  very 
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little  is  to  be  gained  by  reducing  the  air  supply,  as  far  as  heat  ab- 
sorption by  boiler  from  gases  is  concerned.  The  increase  in  the 
heat  transmitted  when  the  initial  temperature  is  raised  from  2000 
to  4000  Deg.  Fahr.  is  only  about  10  per  cent.  This  gain  might  be 
counterbalanced  by  the  loss  in  incomplete  combustion. 

The  special  bulletin  of  the  Boiler  Division  of  the  U.  S.  Geolog- 
ical Survey  Coal-Testing  Plant,  now  in  print,  contains  a  detailed  dis- 
cussion of  the  theory  of  heat  transmission. 

SPECIAL    INVESTIGATIONS    AND    DEDUCTIONS. 

(c)  Of  the  special  investigations  made  by  the  Boiler  Division  two 
are  given  somewhat  in  detail  in  this  paper.  These  investigations 
are: 

( 1 )  Observation  of  circulation  of  water  through  the  water  tubes 
of  the  Heine  boiler. 

(2)  Experiments  with  a  small  multitubular  boiler  to  test  the 
theorv  of  heat  transmission  through  boiler  tubes. 


Sut-ATEO     F"ROM    &0«^ER. 


GROUNDED     TO 


HAND     i-<Oi_E    COVER 


PROPELi.£R 


FIG.  Z 

A&ser«LEO  VIEW  Showing   location 
OF- 
Circulation  indicator 
in  boiler. 


(i)  The  observation  of  the  circulation  of  the  water  in  the  boiler 
tubes  was  made  with  a  specially  constructed  circulation  indicator 
shown  in  Fig.  2.  This  apparatus  consists  of  a  four  blade  propeller 
revolving  on  an  axis  inside  of  a  boiler  tube.  To  the  hub  of  the 
propeller  is  firmly  attached  a  glass  commutator  with  a  single  copper 
strip  which  has  a  metallic  contact  through  the  axis  of  the  propeller 
with  the  boiler.     Every  revolution  this  copper  strip  makes  an  elec- 
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trical  contact  with  a  steel  brush  which  is  insulated  from  the  boiler. 
One  terminal  of  a  low  voltage  battery  is  attached  to  the  brush, 
and  the  other  is  grounded  to  the  boiler.  A  telephone  receiver  placed 
in  the  circuit  enables  an  observer  to  tell  whenever  the  brush  and  the 
copper  strip  on  the  commutator  completes  the  circuit,  and  thus  count 
the  revolutions  per  minute.  The  blades  of  the  propeller  make  an 
angle  of  30  degrees  with  the  axis  of  the  propeller,  and  are  1% 
inch  wide,  the  distance  across  the  outside  edges  being  3^  inches. 
The  boiler  tubes  are  3^  inches  inside  diameter. 
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The  velocity  of  water  as  calculated  from  the  dimensions  of  the 
propeller  is  11.6  inches  per  revolution,  or  taking  the  friction  of  the 
propeller  into  account  it  may  be  taken  as  one  foot  per  revolution. 

Chart  No.  19  shows  the  effect  of  cleaning  fires  and  of  firing,  on 
the  speed  of  water  circulation  in  a  tube  of  the  boiler,  as  measured 
relatively  by  the  circulation  indicator.  The  circulation  is  quite 
prompt  in  its  changes  and  the  values  obtained  vary  considerably. 
The  readings  were  taken  by  recording  the  number  of  revolutions 
in  a  15-second  interval  opposite  time  figures,  and  from  such  data 
the  revolutions  per  minute  were  calculated  and  plotted  on  this 
chart. 

The  increased  circulation  of  water  during  and  immediately  after 
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each  firing,  agrees  well  with  the  optical  pyrometer  reading  of  Charts 
Nos.  14  and  15. 

Chart  No.  20  is  based  on  readings  taken  for  several  days  with 
the  circulation  indicator.  The  total  number  of  revolutions  of  the 
indicator  was  counted  for  each  half-hourly  period,  and  a  calculatioo 
of  the  percentage  of  builder's  rated  horse  power  of  boiler  devel- 
oped, was  made  for  each  such  period.  The  small  circles  give  the 
positions  of  points  and  the  numbers  nearby  give  the  number  of 
half-hours  fulfilling  the   co-ordinate  values  of  the  points.     After 
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plotting,  the  points  were  averaged  in  value  in  both  horizontal  and 
vertical  strips,  each  point  being  included  for  averaging  as  many 
times  as  indicated  by  the  number  in  the  circle  near  by.  Thus  the 
two  curves  were  determined.  It  will  be  noticed  that  they  are  very 
close  together,  indicating  the  reliability  of  the  method  of  working 
up  the  data. 

The  important  point  is  that  the  circulation  rapidly  drops  behind 
the  amount  of  steam  made  (percent  rated  capacity  developed),  espe- 
cially at  high  rates  of  working.  Thus  at  70  per  cent  rated  capacity 
the  average  rate  of  revolution  of  the  indicator  was  80  per  minute. 
At   105  per  cent  rated  capacity   the   rate  of  revolution   was   102, 
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whereas  to  be  proportional  it  should  have  been  120;  the  speed  of 
circulation  fell  about  15  per  cent  short. 

This  is  reasonable,  when  we  consider  that,  so  far  as  one  can  make 
any  speculations,  the  circulating  forces  are  perhaps  rougnly  pro- 
portional to  the  amount  of  steam  generated  and  entangled  with  the 
rising  water,  while  the  frictional  resistance  to  circulation  is  perhaps 
proportional  to  the  square  of  the  average  velocity  of  circulation. 

This  failure  of  circulation  to  keep  up  proportionally  with  demands 
on  the  boiler  must  decrease  the  efficiency  of  the  boiler  at  higher 
rates  of  working,  by  allowing  a  proportionally  larger  percentage  of 
the  water  heating  surface  to  be  covered  with  steam  bubbles,  thus 
virtually  reducing  the  heating  surface. 

At  a  later  date,  the  same  circulation  indicator  was  put  in  the 
middle  tube  of  the  lowest  row  in  the  rear  end  of  the  boiler ;  this 
was  one  of  the  tubes  mostly  enclosed  in  clay  tiles.  The  numbers 
of  revolutions  per  minute  for  various  capacities  are  given  in  the 
following  table: 

Capacity  H.  P 58.2     91.4     118.2     92.2 

Revolutions  per  minute   217      257        273      291 

Xumber  of   readings 78  8  7        12 

The  number  of  revolutions  at  any  capacity  is  approximately  three 
times  as  great  as  shown  in  Chart  No.  20,  for  the  second  row  of 
tubes  just  above. 

In  an  earlier  experiment  the  same  circulation  indicator  was  placed 
in  the  third  row  of  tubes  from  the  top  of  the  boiler  and  it  was  found 
that  the  rate  of  revolution  was  very  slow  indeed.  This  indicates 
that  the  bottom  row  of  tubes  was  doing  far  more  work  than  any 
other  row  of  tubes,  and  that  as  we  go  from  the  bottom  row  up,  the 
amount  of  work  done  decreases  very  rapidly. 

The  probability  is  that  the  bottom  row  of  tubes  absorbs  a  large 
portion  of  the  total  heat,  mostly  on  account  of  conduction  through 
the  clay  tiles  and  radiation  onto  the  exposed  portion  of  the  tubes  in 
the  rear  over  the  hot  brick-work.  This  probability  makes  it  easy 
to  realize  that  the  efficiency  of  the  boiler,  as  a  heat  absorber,  may 
well  rise  far  more  rapidly  with  increasing  furnace  temperature, 
than  is  indicated  by  the  equation  for  heat  absorption  from  the  gases 
due  to  convection  only. 

(2)  An  apparatus  designed  for  experiments  relating  to  the  laws 
governing  the  rate  of  heat  transmission  from  the  gases  through  the 
boiler  plate,  is  shown  in  Fig.  3.  It  consists  of  an  electric  furnace, 
small  horizontal  multitubular  boiler,  a  small  surface  condenser,  and 
a  steam  ejector  for  producing  draft. 

The  electric  furnace  is  made  of  six  coils  of  No.  13  pure  nickel 
wire  which  is  wound  around  rectangular  pieces  of  asbestos  slate 
ys  in.  in  thickness.  These  coils  are  placed  vertically  in  a  trough  of 
asbestos  slate,  with  a  space  of  about  3/^-in.  between  them  and  baffled 
in  such  a  way  that  the  air  passes  three  times  through  the  furnace 
before  it  leaves  it. 
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The  boiler  is  8  in.  long  and  the  shell  is  4  in.  in  internal  diameter. 
There  are  ten  copper  Hues  of  3-16-in.  internal,  and  yi-in.  external 
diameter ;  this  making  the  thickness  of  the  metal  1-32  of  an  inch. 
The  heads  of  the  boiler  are  covered  with  a  layer  of  asbestos  paper 
about  y^-m.  thick  so  that  only  the  heating  surface  of  the  flues  re- 
mains effective.     The  boiler  is  equipped  with  a  gage  glass,  pipe  for 
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feeding  in  water,  pipe  for  pressure  gage  and  thermometer  cup  for 
getting  the  temperature  of  the  steam.  The  thermometers  used  for 
measuring  the  temperature  of  gases  entering  and  leaving  the  boiler 
are  screened  by  perforated  pieces  of  asbestos  slate  from  the  radia- 
tion of  the  furnace  and  boiler  and  also  from  radiation  to  the  out- 
side. The  two  screens  nearest  to  the  thermometer  have  only  one 
square  hole  in  the  center  so  that  the  stream  of  heated  gas  is  con- 
tracted around  the  thermometer  bulb.  This  precaution  makes  the 
thermometer  reading  represent  more  nearly  the  average  tempera- 
ture of  the  streams  of  gases.  All  the  boiler  connections  and  the 
trough  around  the  boiler  are  covered  with  hair  felt  to  reduce  the 
radiation  losses  to  a  minimum.  It  is  the  intention  to  use  in  these 
experiments  three  boilers  of  different  lengths  and  to  determine  the 
effect  of  the  length  of  flue  on  the  heat  absorption,  and  also  to  test 
flues  of  different  diameters. 

The  surface  condenser  is  made  of  two  concentric  copper  tubes, 
the  inner  of  these  is  for  steam  and  the  outer  one  for  a  stream  of 
cooling  water. 

The  steam  ejector  for  producing  draft  is  a  standard  ^-in.  pipe, 
placed  in  the  center  of  a  contracted  pipe  made  of  galvanized  sheet 
iron  which  takes  the  gas  away  from  the  rear  end  of  the  boiler. 

Before  a  test  is  started  the  apparatus  is  brought  to  the  tempera- 
ture at  which  the  test  is  to  be  run.  After  starting  a  test,  all  condi- 
tions are  kept  as  nearly  uniform  as  possible. 

On  the  tests  so  far  done  the  following  readings  have  been  taken: 

tarrTemperature  of  air  entering  furnace. 

T=Temperature  of  air  entering  boiler. 

tfr^Temperature  of  air  leaving  boiler. 

ts=Temperature  of  steam. 

twr=Temperature  of  feed  water. 

P=:  Steam  pressure. 

d=rDraft  of  air  entering  boiler,  in  inches  of  water. 

D  :=Draft  of  air  leaving  boiler,  in  inches  of  water. 

W=Water  condensed. 

I\I=Weight  of  air  passing  through  the  boiler,  per  second. 

The  weight  of  air,  M,  passing  through  the  boiler  per  second  is 
obtained  from  the  relation 

W  [965.7+^212— tw)]  =.2375  M  (T— tf) 
W  [965.7  (212— tw)] 

Hence     AI  = ^ 

•2375  (T— tf) 

The  volume,  V,  of  the  air  entering  the  boiler  is  determined  from 
the  relation 

V  T+460.8 


12.387  492.8 

(T+460.8)       12.387XM 


Hence     V  = 

492.8 
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and  the  velocity  of  the  air  entering  the  boiler 
VX144 
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V  = 


(3/16)^X7854 


In  the  calculation  above  indicated,  W  is  reduced  to  water  con- 
densed per  second,  then  the  velocity  v  is  in  feet  per  second. 

Table  No.  7  gives  data  and  results  of  several  tests  made  with  this 
small  experimental  boiler  to  determine  the  effect  of  velocity  of  gases 
on  the  rate  of  heat  transmission. 

Table  Xo.  7 

EXPERIMENTS     WITH     THE    SMALL    BOILER     (fIG.   3)     TO    DETERMINE 

EFFECT  OF   THE  VELOCITY   OF   GASES   ON   THE   RATE 

OF  HEAT  TRANSMISSION. 


Drafts 

in     inches 

T  e  IT 

p  e  r  a  t  u  r 

e 

Velocity 

of 

Water 

in 

degrees  Fahr. 

Heat 
Transmitted 

of  air 
entering 

Test 

Air  Eoter- 

Air  Leav- 

Air Enter- 

Air Leav- 

Steam 

per  second 

tubes,  ft. 

No. 

ing  Boiler 

ing  Boiler 

ing  Boiler 

ing  Boiler 

B.t.u.        per  second 

16... 

About    0.0 

3.0 

315. 

215. 

211. 

.0548 

23.5 

15... 

" 

5.2 

316. 

219. 

211. 

.0866 

38.6 

17... 

" 

10.1 

310. 

217. 

211. 

.1214 

56.1 

12... 

" 

.5 

506. 

244. 

211. 

.0869 

17.6 

11... 

" 

1.0 

505. 

252. 

211. 

.1091 

23.0 

5... 

" 

3.0 

507. 

259. 

210. 

.2269 

48.9 

4... 

" 

3.0 

507. 

261. 

210. 

.2385 

52.0 

10... 

" 

5.2 

500. 

261. 

211. 

.3766 

83.5 

13... 

" 

9.2 

493. 

265. 

211. 

.3742 

86.6 

8... 

" 

1.0 

707. 

289. 

212. 

.1922 

29.6 

7. . . 

" 

2.0 

708. 

306. 

210. 

.3380 

54.3 

6... 

" 

3.0 

708, 

304. 

211. 

.4153 

66.7 

9... 

" 

4.3 

700. 

305. 

210. 

.4645 

75.5 

14... 

" 

8.9 

689. 

312. 

211. 

.7028 

118.5 

20... 

" 

2.0 

892. 

289. 

211. 

.4088 

50.6 

22... 

" 

4.0 

903. 

307. 

211. 

.6150 

77.8 

19... 

" 

8.5 

898. 

307. 

211. 

.8927 

113.4 

18... 

" 

1.0 

1118. 

287. 

210. 

.4171 

43.8 

21... 

" 

3.0 

1120. 

340. 

211. 

.9023 

100.8 

23... 

" 

8.2 

1097. 

314. 

212. 

1.2960 

142.7 

26... 

" 

1.0 

1312. 

287. 

210. 

.5501 

52.7 

25... 

" 

3.0 

1313. 

377. 

210. 

.9563 

100.3 

24... 

" 

6.6 

1300. 

387. 

213. 

1..5180 

162.3 

Chart  No.  21,  shows  the  relation  of  the  velocity  of  air  to  the 
rate  of  heat  transmission.  The  points  on  the  chart  were  obtained 
by  plotting  the  last  two  columns  of  Table  Xo.  7.  The  figures  near 
each  point  indicate  the  average  temperature  of  air  entering  boiler 
for  each  test.  The  most  striking  feature  in  the  chart  is  that  all  the 
points  of  nearly  the  same  temperature,  fall  in  the  same  straight 
line.  This  means  that  when  initial  temperature  remains  constant 
the  heat  transmitted  per  second  is  directly  proportional  to  the  veloc- 
ity of  air.  Another  striking  feature  is  that  as  the  temperature  of 
gases  entering  the  boiler  rises,  the  constant  temperature  lines  fall 
closer  together.  This  means  that  when  the  velocity  of  air  is  con- 
stant, the  heat  absorption  increases  at  a  decreasing  rate,  as  the  tem- 
perature becomes  higher ;  that  is,  the  heat  absorption  is  not  directly 
proportional  to  the  temperature  of  the  air.  The  same  increase  at 
low  temperatures  is  much  more  eft'ective  than  at  high  temperature. 

There  is  one  objection  that  might  be  brought  against  the  results 
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plotted  in  Chart  Xo.  21,  and  that  is  that  the  water  condensed  per 
second,  was  used  in  calculating  the  velocity  of  the  air.  This  method 
of  calculation  makes  the  velocity  somewhat  dependent  on  the  rate 
of  heat  absorption  and  tends  to  bring  the  points  into  a  straight  line. 
Experiments  are  now  being  conducted  with  improved  apparatus  in 
which  the  electrical  energy  used  in  heating  the  air  is  accurately 
measured  and  will  be  used  in  calculating  the  velocity  of  gases,  which 
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velocity  will  then  be  independent  of  the  water  condensed.  The  fact 
that  the  heat  absorption  increases  when  the  velocity  increases  re- 
mains, although  more  complete  experiments  with  improved  appara- 
tus may  show  that  the  relation  between  heat  absorption  and  velocity 
of  gas  deviates  slightly  from  the  straight  line  function. 


DISCUSSION. 


President  Abbott:    In  the  earlier  part  of  this  paper,  the  author 
states  that; 

"The  work  of  the  Boiler  Division  of  the  Fuel  Testing  Plant  may 
be  divided  into  three  parts : 
"(a)     Routine  steaming  tests  made  on- various  kinds  of  fuel. 
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"(b)     Analytical   study   of   the   properties   of   coal,   the   conditions 
under   which   steaming  tests   were   run   and  the   relation   of 
the  two  to  the  economic  results. 
"(c)      Special  investigations  and  deductions  pertaining  to  the  work 
of  this  division."' 

Any  engmeer  of  fair  ability  can  conduct  a  series  of  tests  if  the 
work  is  laid  out  for  him,  and  a  chemist  with  a  fair  knowledge  of 
his  profession  can  give  a  correct  analysis  of  the  fuels  used.  This 
is  as  far  as  most  boiler  tests  go,  but  in  this  case  if  the  work  were 
to  stop  there  it  would  be  practically  useless.  I  think  I  may  say  that 
that  is  as  far  as  the  Government  intended  this  -work  to  go.  The 
gentlemen  in  charge  of  these  tests  were  not  slow  in  realizing  this 
fact,  and  (I  think  surreptitiously  at  first,  certainly  very  cautiously) 
they  began  scheming  for  some  means  to  make  their  work  of  prac- 
tical value.  It  is  my  experience  that  employers  generally,  those 
who  pay  for  the  coal  and  pay  for  the  tests,  have  very  little  appre- 
ciation or  use  for  the  deductions  which  may  be  made  from  tests 
further  than  those  which  give  the  evaporation.  But  I  think  the 
education  of  the  Government  officials  in  that  respect  has  now  ad- 
vanced to  a  point  where  it  is  safe  for  the  gentlemen  in  charge  of 
these  tests  to  say  to  them,  when  asking  for  means  to  continue  those 
tests,  that  in  this  additional  information  lies  the  real  value  and 
reason  for  continuing  the  tests. 

There  has  been  expended  upon  this  work  tens  of  thousands  of 
dollarsj  the  results  of  which  would  be  gathered  up  into  Government 
reports,  to  be  put  away  on  a  shelf  to  accumulate  mould  and  dust, 
were  it  not  for  the  fact  that  the  Geological  Survey  is  fortunate 
enough  to  have  placed  this  work  in  charge  of  gentlemen  who  appre- 
ciate what  the  real  value  and  what  the  real  purpose  of  these  tests 
should  be,  and  who  have  woven  into  the  work  and  over  it  and 
through  it  a  scheme  for  deducing  from  this  great  mass  of  tests, 
principles  which  no  coal  user  could  undertake  to  work  out.  One 
of  these  gentlemen  under  Prof.  Breckenridge,  upon  whom  has 
fallen  the  work  of  deducing  conclusions  (as  outlined  in  the  third 
paragraph  of  the  sub-divisions  of  this  work)  and  in  arranging  the 
work  so  as  to  bring  out  these  conclusions,  is  Mr.  W.  T.  Ray,  whom 
I  will  call  upon  to  tell  us  something  of  his  work. 

Mr.  IV.  T.  Ray,  jun.m.vv.s.e.  :  I  wish  to  thank  President  Ab- 
bott on  behalf  of  the  Survey  and  for  myself  for  the  half  flattering 
and  half  questionable  introduction.  Nevertheless,  I  appreciate  the 
opportunity  of  appearing  before  you.  I  shall  not  take  time  to  go 
over  any  of  the  curves  in  detail.  All  I  wish  to  say  in  regard  to 
that,  is  that  Mr.  Kreisinger,  Mr.  Barker  and  myself  are  here  this 
evening  ready  to  try  to  answer  any  questions  that  may  be  asked, 
and  ready  to  welcome  any  criticisms  or  suggestions  for  the  future. 
Of  course,  more  or  less,  shut  up  as  we  are,  in  an  inner  technical 
field  of  routine  w^ork,  we  are  apt  to  lose  sight  of  the  larger  prob- 
lems— the  real  problems  of  the  work.    However,  I  do  wish  to  thank 
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Mr.  Abbott,  and  to  approve  his  remark  to  the  effect  that  the  value 
of  any  experimental  work,  does  not  lie  in  doing  it,  so  much  as  in 
studying  it  after  it  is  done.  It  is  a  universal  mistake,  of  which 
engineers  are  guilty ;  to  make  a  lot  of  tests  and  then,  instead  of 
stopping  to  study  the  results  of  the  tests,  they  make  some  more. 
We  have  been  unfortunately  rushed  in  that  respect,  and  this  has 
required,  on  the  part  of  Prof.  Breckrenridge  and  myself,  a  good 
deal  of  resistance  to  that  general  feeling  of  haste  that  nearly 
everybody  has,  and  I  must  sa}-  that  the  people  who  have  been  most 
guilty  of  urging  us  on  to  make  tests  rather  than  to  draw  deduc- 
tions from  them,  are  mechanical  engineers,  rather  than  physicists 
or  chemists. 

In  regard  to  this  paper,  I  will  call  your  attention  to  page  320, 
the  middle  of  the  page,  portion  (2).  This  work  was  undertaken  to 
study  the  laws  of  heat  absorption  by  boiler  heating  surfaces  so  far 
as  connection  is  concerned,  not  considering  absorption  on  account 
of  radiation.  Air.  John  Perry  deduced  the  laws  of  the  heat  absorp- 
tion, which  was  put  on  page  316  in  simple  English. 

Referring  again  to  page  320,  I  wish  to  say  that  this  work 
recently  begun  and  in  progress  now,  and  which  will  be  continued 
to  other  sizes  of  tubes  and  other  styles  of  boilers  (including  water 
tube  boilers),  amount  of  draft,  etc.,  was  designed  to  check  out  Mr. 
Perry's  theory,  which  so  far  has  held  absolutely.  If  the  mathe- 
matical predictions  continue  to  be  verified,  I  can  say  that  without 
doubt,  it  will  put  the  steam  boiler  on  the  same  sound,  certain 
mathematical  basis  as  the  electric  generator  is  now ;  when  a  man 
designs  a  dynamo  he  knows  what  its  efficiency  will  be  before  it  is 
built. 

I  notice  that  Prof.  Breckenridge  omitted  from  this  paper  a  para- 
graph which  was  in  the  Study  of  Four  Hundred  Boiler  Tests  (from 
which  most  of  this  matter  was  taken)  called  "Commercial  Con- 
siderations." The  beauty  of  Mr.  Perry's  ideas  are  that  he  has  not 
only  put  the  steam  boiler  on  an  absolutely  sure  basis,  but  he  has 
pointed  out  methods  of  increasing  the  performance  of  the  boilers 
at  least  ten  times.  That  is,  a  dollar's  worth  of  metal  properly  em- 
ployed may  perhaps  result  in  the  generation  of  ten  to  twenty  times 
as  much  steam  and  at  higher  efficiency  than  is  done  now. 

Commercial  Considerations. — The  statements,  theories  and  proposals  made 
in  this  Review  are  widely  scattered  and  probably  have  not  been  plain  because 
mathematically  involved.  For  this  reason  a  short  summary  will  be  made  here 
of  the  possibility  of  so  improving  the  system  of  working  steam-turbine 
plants  as  perhaps  permanently  to  keep  them  above  commercial  competition 
from  gas  producer  and  engine  plants,  in  large  powers ;  of  course  there  is 
little  doubt  about  the  great  field  immediately  awaiting  the  gas  engine  in 
smaller  plants,  say  under  5,000  horse  power.  AH  these  suggestions  are  tenta- 
tive only;  work  will  gradually  be  prosecuted  by  this  Division  along  the  lines 
of  trying-out  the  ideas  about  to  be  stated. 

Boilers. — The  authors  see  no  reason  why  boilers  cannot  be  constructed,  and 
probably  operated  with  entire  satisfaction,  such  as  will  produce  about  ten 
times  as  much  steam  per  square  foot  of  heating  surface  as  is  now  done,  and 
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with  no  difficulty  in  obtaining  dry  steam.  The  efficiency  from  coal  to  steam 
should  easily  be  made  considerably  higher  than  a  good  performance  of  today. 
This  will  mean  only  a  fraction  of  the  investment  in  steam  plants,  buildings 
and  real  estate.  Mr.  John  Perry  states  in  his  book  on  "The  Steam  Engine 
and  Gas  and  Oil  Engines"  that  he  thinks  boilers  should  easily  be  made  to  do 
ten  times  the  work  they  do  at  present,  possibly  twenty. 

Furnaces. — Likely  it  will  be  found  on  attempting  this  reduction  of  dimen- 
sions and  cost  that  the  limit  will  be,  not  in  the  boiler  as  such,  but  in  the  com- 
bustion chamber.  Burning  a  large  amount  of  coal  on  a  small  grate  area  is  al- 
most altogether  a  question  of  draft  and  continual  riddance  of  ash ;  but  the 
rate  of  travel  of  gases  thru  a  combustion  chamber  is  dependent  practically 
cnly  on  the  amount  of  carbon  burned  per  unit  of  time,  being  almost  the 
same  no  matter  what  the  air  supply  per  pound  of  carbon.  As  combustion 
chambers  are  now  constructed  for  Western  coals  they  are  too  "small,"  but 
small  is  a  word  not  to  be  understood  in  this  connection  as  referring  to  volume 
or  length  alone;  by  a  small  combustion  chamber  is  meant  one  in  which 
either  the  time  spent  by  the  gas  in  traveling  from  the  front  to  the  rear  of  the 
boiler  is  short  or  else  one  in  which  the  mixing  devices  are  inefficient  or  absent. 
In  the  work  on  mass  action  it  was  stated  that  mere  length  of  combustion 
chamber  counts  for  little;  that  mixing  is  what  counts;  and  thus  there  is  a  pos- 
sibility of  enormously  increasing  the  efficiency  of  a  combustion  chamber  as  a 
"burner  of  volatile  matter.  Effort  in  completing  a  steam  generating  outfit  of 
small  dimensions  must  be  largely  concerned  with  constructing  a  combustion 
chamber  having  in  it  many  gas  mixing  constructions. 

Turbines. — The  work  on  turbines  is  provisional  only  but  it  is  felt  that  all 
of  the  assumptions  made  are  on  the  side  of  safety;  that  is,  that  the  over-all 
efficiency  of  the  turbines  working  with  high  superheat  and  low  pressure  would 
probably  be  greater  than  estimated,  and  many  per  cent  higher  than  anything 
yet  achieved. 

Inasmuch  as  the  boiler  plant  is  at  present  the  expensive  portion  of  a 
steam  plant  and  as  it  is  probably  possible  to  cut  its  cost  down  to  a  fraction  of 
the  present  cost  and  at  the  same  time  obtain  a  higher  efficiency,  it  is  felt  that 
there  is  good  ground  for  anticipating  an  enormous  improvement  in  the  pro- 
duction of  steam  power  within  the  next  few  years.  If  so  it  will  not  be  the  first 
time  that  a  new  arrival  in  a  field  has  spurred  on  older  forms  of  enterprise 
to  a  higher  prosperity  than  they  ever  dreamed  of  before.  The  comoetition  of 
the  gas  engine  may  be  the  best  thing  that  ever  has  happened  to  Steam  En- 
gineers. 

There  have  been  te.sted  lately,  under  good  auspices,  in  Germany 
some  automobile  steam  engines  and  boilers  of  less  than  30  H.  P., 
"which  gave  one  horse  power  on  one  pound  of  coal. 

President  Abbott:  I  would  like  to  have  it  made  a  little  more  clear 
the  means  by  which  the  capacity  of  a  boiler  is  to  be  so  enormously 
increased. 

Mr.  Henry  Kreisinger,  m.w.s.e.  :  The  capacity  of  a  boiler  can  be 
increased  by  increasing  the  velocity  of  the  products  of  combustion 
along  the  heating  surface.  In  marine  and  locomotive  practice  this 
is  being  done  everv  day.  With  these  classes  of  boilers,  the  capacity 
is  doubled  or  tripled  by  increasing  the  draft  and  burning  two  or 
three  times  the  amount  of  coal,  thereby  producing  two  or  three 
times  the  amount  of  gases  which  pass  two  or  three  times  as  fast 
along  the  heating  surface,  thus  doubling  or  trebling  the  rate  of  heat 
transmission.  A  locomotive  boiler  develops  a  boiler  horse  power  on 
three  square  feet  of  heating  surface  or  even  less,  whereas  in  a 
stationary  boiler  ten  square  feet  are  required  to  do  the  same  amount 
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of  work.  Of  course,  in  a  locomotive  boiler  the  high  capacity  is 
always  accompanied  by  a  considerable  drop  in  "over  all"  efficiency ; 
however,  this  drop  in  efficiency  is  largely  due  to  less  complete 
combustion  of  the  fuel  in  the  comparatively  small  combustion  space 
of  the  locomotive  furnace.  In  stationary  boilers  the  loss  in  incom- 
plete combustion  can  be  greatly  reduced  by  a  furnace  properly 
designed  as  regards  the  rate  of  combustion  and  the  nature  of  the 
coal. 

Prof.  Breckenridge  suggested  that  I  give  some  additional  in- 
formation about  the  temperature  changes  shown  in  charts  Nos.  14 
and  15.  To  what  is  said  about  the  charts  in  the  paper  I  may  add 
that  the  length  of  the  small  cross  sectioned  areas  at  the  bottom  of 
each  curve  indicate  the  time  occupied  by  each  firing.  As  shown 
in  the  chart  the  average  length  of  time  taken  to  charge  six  shovel- 
fuls is  about  45  seconds. 

Chart  No.  15  has  a  historical  connection  with  Chart  No.  10, 
which  shows  that  the  combustion  chamber  temperature  has  but 
little  influence  on  the  over  all  efficiency  of  a  boiler  in  our  apparatus. 
We  had  been  measuring  temperatures  in  the  combustion  chamber 
and  plotting  these  with  the  efficiencies  of  the  tests  in  the  hope  of 
finding  that  high  initial  temperature  increase  the  efficiency.  When 
our  results  showed  that  the  efficiency  remained  nearly  constant,  no 
matter  how  high  the  initial  temperature  was,  we  thought  that  the 
optical  pyrometer  readings  were  wrong  and  that  we  were  looking 
at  luminous  flames  which  were  not  as  hot  as  they  appeared  to  be 
by  the  optical  pyrometer.  When  we  used  the  apparatus  shown  in 
Fig.  I  for  sampling  the  gases  in  the  combustion  chamber,  we 
noticed  that  the  cooling  water  always  came  out  of  the  sampler 
hotter  immediately  after  firing.  It  occurred  to  us  that  by  taking 
simultaneous  temperature  readings  of  the  cooling  water  as  it  came 
out  of  the  sampler,  and  of  the  temperature  in  the  combustion 
chamber  with  the  optical  pyrometer,  we  might  get  some  data  as 
to  the  reliability  of  the  relative  readings  of  the  optical  pyrometer. 
We  did  this,  and  found  that  the  variation  in  temperature  of  the 
cooling  water  agreed  quite  well  with  that  observed  by  the  optical 
pyrometer,  showing  that  the  temperatures  observed  with  the  latter 
were  relatively  correct. 

The  efficiency  curves  of  Charts  Nos.  9  and  10  are  applicable  to 
our  apparatus  only.  With  a  better  furnace  than  ours,  the  efficiency 
curve  would  approach  the  top  curve  of  Chart  No.  18.  With  a 
furnace  having  little  or  no  combustion  space  the  efficiency  would 
undoubtedly  drop  with  the  rise  of  initial  temperature. 

Mr.  Perry  Barker,  jun.m.w.s.e.  :  There  are  two  very  interest- 
ing charts  not  shown  in  the  paper,  where  a  special  classification 
was  made.  W^e  separated  all  the  coals  according  to  the  states  from 
whence  they  came  and  sub-divided  those  again  into  seams  and  then 
grouped  the  results  of  the  tests.     We  recorded  the  percentages  of 
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smoke  from  the ,  different  coals  from  the  dififerent  states ;  we  also 
classified  the  percentage  of  smoke  on  the  basis  of  the  ratio  of  carbon 
and  hydrogen  in  the  volatile  matter. 

Dr.  R.  S.  Moss,  m.w.s.e.  :  I  have  listened  to  this  paper  with  a 
good  deal  of  interest.  In  regard  to  the  percentage  of  CO2  con- 
tent, I  would  ask  Prof.  Breckenridge  whether  or  not  it  is  a  fact, 
that  the  greater  CO2  content  in  the  stack  gases  indicates  a  better 
combustion  than  a  lower  content? 

I  believe  Mr.  Kreisinger  stated  that  in  passing  the  gas  sampler 
through  the  furnace  steam  issued  from  the  exit.  As  I  understand 
it  then,  we  must  assume  that  the  stack  temperature  must  have  been 
very  high.  I  would  ask  why  it  was  necessary  to  use  this  particular 
method  in  taking  samples  of  gas? 

In  regard  to  the  stratification  of  gases  ;  anyone  knows  that  the 
hydrogen  content  in  coal  (from  its  specific  gravity)  is  much  lighter 
than  the  carbon  content.  Is  it  not  possible  that  we  may  have  a 
stratification  of  those  gases  ?  Is  it  not  possible  that  we  mav  get 
an  incomplete  mixture  of  the  products  of  combustion  from  the 
furnace  ? 

Mr.  R.  B.  Holbrook :  I  would  ask  whether  these  gentlemen 
recall  whether  they  found  some  particular  rate  of  combustion  per 
sq.  ft.  of  grate  of  these  dififerent  coals,  more  economical  than 
others  ? 

Mr.  JV.  S.  Huycttc:  In  the  paper  there  is  shown  a  device  for 
measuring  the  circulation  of  water  in  the  boiler  tubes.  I  would 
call  attention  to  the  fact  that  in  1892  Mr.  Thornycroft,  of  England, 
conducted  experiments  along  this  same  line,  using  a  device  similar 
to  this  for  the  same  purpose. 

Dr.  Moss:  Prof.  Breckenridge  has  stated  that  the  higher  the 
volatile  matter,  the  higher  the  ash.  I  would  like  to  know  if  he 
can  give  the  dividing  line  between  the  higher  content  of  ash  as 
compared  with  lignite.  Take  the  Wyoming  coals ;  I  found  they 
ran  about  2  to  6  per  cent  ash,  with  a  very  high  volatile  content. 
The  western  coals  will  run,  of  course,  about  34  to  40,  and  Indiana 
Xo.  6  will  run  40  or  42  per  cent  volatile  matter.  The  Pittsburg 
coal  runs  about  44  per  cent  with  a  much  smaller  ash  content.  I  do 
not  see  how  Prof.  Breckenridge  can  prove  conclusively  that  tiie 
high  volatile  coal  necessarily  carries  a  very  high  ash  content. 

Regarding  the  volatile  ingredients  in  the  coal ;  in  our  western 
coals,  I  think,  it  is  understood  that  while  we  will  assume  this  34 
per  cent  as  against  Pittsburg  coal,  the  value  in  heat  unit  content 
of  our  western  coals  in  volatile  matter  is  much  lower  than  with 
Pittsburg  coal.  I  explain  that  from  the  simple  reason  that  the 
heavy  hydro-carbon  content  of  our  western  coals  is  lower  than  the 
heavy  hydro-carbon  content  of  eastern  coals. 

Mr.  A.  J.  Saxc,  m.w.s.e.:  I  took  some  CO2  samples  the  other 
day,  and  I  thought  from  the  looks  of  the  fire  the  gases  ought  to 
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go  to  about  12  per  cent  CO2,  and  I  got  only  13/^  per  cent.  I  took 
several  samples  and  wondered  why  it  was,  but  I  found  out  that  the 
sampling  tube  was  so  long  that  it  reached  across  the  furnace,  and 
admitted  air  from  beyond  the  furnace. 

Mr.  Huycttc :  I  w'ould  ask  whether  or  not  any  deductions,  ob- 
servations or  comparisons  have  been  made  in  the  variations  of  the 
CO2  content  in  connection  with  the  temperatures  of  the  escaping 
gases  leaving  the  boiler. 

A  Visitor:  We  very  often  find  that  in  pamphlets  sent  out,  de- 
scribing CO2  instruments,  that  the  increase  in  CO2  is  accompanied 
by  an  increase  in  efficiency ;  I  would  ask  whether  or  not  this  is 
something  that  has  been  deduced  from  a  theoretical  consideration, 
or  whether  it  could  be  demonstrated  in  practical  experience? 

Mr.  C.  S.  McGovncy:  It  is  a  little  surprising  to  learn  that  the 
combination  of  the  numerous  and  variable  factors  which  effect  the 
transmission  of  heat  from  the  hot  gases  to  the  water  within  the 
boiler,  should  so  persistently  arrange  themselves  as  to  produce  a 
constant  ratio  as  shown  in  the  curve  No.  2,  Chart  10. 

The  thickness  of  the  film  of  dry  steam  in  immediate  contact 
with  the  tube  surface  should  increase  with  the  temperature  and 
this  must  be  found  to  have  a  very  considerable  effect  in  offsetting 
the  advantages  of  high  temperature. 

In  regard  to  the  item  "furnace  efficiency" ;  I  should  prefer  to 
retain  the  usual  conception  that  it  includes  an  expression  of  the 
completeness  of  combustion  and  the  temperature  of  the  gases 
delivered  to  the  boiler  tubes.  Improvement  in  boiler  construction 
must  take  this  temperature  into  account. 

Relating  to  the  true  thermal  efficiency  of  the  boiler  the  method 
as  indicated  under  "E4"  gives  that  value  for  any  particular  boiler 
and  is  a  useful  conception.  Calculations  made  in  that  manner 
for  the  experimental  boiler  at  the  Engineering  Experiment  Station 
show  a  thermal  efficiency  above  80  per  cent.  Such  a  definition  of 
thermal  efficiency  of  boilers  would  fail  to  give  direct  means  of 
exact  comparison  of  the  standard  boiler  and  boilers  having  positive 
circulation  or  boilers  with  economizer  attachments  so  enclosed  as 
to  be  inaccessible  for  temperature  measurements. 

There  is  in  the  paper  presented  this  evening  a  response  to  the 
call  for  more  refined  methods  of  calculation  and  expression  in  the 
consideration  of  boiler  problems.  We  should  accustom  ourselves 
to  deal  more  largely  with  the  thermal  quantities  involved  and  these 
should  be  the  basis  of  all  calculations. 

In  calculating  the  heat  supplied  to  the  boiler  or  determin- 
ing the  efficiency  of  combustion  we  should  subtract  the  heat  value 
of  the  combustible  passing  into  the  ash  and  refuse.  When  drip- 
pings from  the  grate  are  allowed  to  fall  into  the  ash  pit  this  refuse 
combustible  is  nearly  pure  coke  carbon  and  may  have  as  much  as 
4  per  cent  greater  or  less  heat  value  than  the  combustible  fed  to 
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the  grate.  For  Illinois  coals  fired  on  chain  grates  this  variation  is 
generally  less  than  0.3  of  one  per  cent. 

Mr.  A.  J.  Saxe:  Where  is  the  point  in  the  furnace  that  we 
should  take  our  gases  to  get  the  highest  percentage  of  CO2 ;  is  it 
just  at  the  point  where  the  flame  dies  out? 

Mr.  C.  H.  McClure,  m.vv.s.e.  :  There  is  a  point  in  Chart  13  to 
which  I  should  like  to  call  attention.  We  have  a  curve  that  shows, 
for  increased  loss  due  to  formation  of  CO,  a  corresponding  increase 
in  unaccounted-for  loss.  It  is  probable  that  this  unaccounted-for 
loss  could  be  accounted  for  by  escaping  hydrocarbons,  and  if  we 
could  determine  them  by  direct  analysis  it  would  furnish  a  satis- 
factory explanation  of  discordant  results,  often  obtained  in  boiler 
trials  where  the  conditions  are  such  as  to  permit  of  but  one  ex- 
planation, i.  e.,  incomplete  combustion,  not  of  the  fixed  carbon  which 
falls  into  the  ash  pit,  for  that  loss  is  easily  ascertained,  but  of  the 
volatile  portion  of  the  coal.  The  conditions  that  will  produce  CO 
are  practically  the  same,  as  will  produce  hydrocarbons,  i.  e.,  insuffi- 
cient air  supply,  or,  more  properly  speaking,  an  improper  distribu- 
tion of  air  supply  and  a  failure  to  obtain  a  thorough  mixture  with 
the  available  air.  Certain  calculations  that  I  have  made  and  present 
in  the  accompanying  diagrams  A  and  B  show  how  great  losses  from 
this  source  may  possibly  be.  Two  of  the  principal  products  of  the 
distillation  of  coal  in  gas  retorts  are  methane,  CH4,  and  ethylene, 
C2H4.  It  is  reasonable  to  suppose  that  similar  conditions  in  the 
furnace,  i,  e.,  distillation  of  the  volatile  matter  in  the  coal  without 
sufficient  air  for  combustion,  will  produce  these  same  gases.     It  is- 
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also  possible  that  small  amounts  of  propylene,  C3H6,  are  also 
formed  which  would  give  greater  losses,  volume  for  volume,  than 
would  ethylene,  C2H4.  Minute  quantities  of  each  of  these  three 
gases  occurring  at  the  same  time  would,  in  the  aggregate,  cause 
considerable  loss. 

In  regard  to  Chart  12,  it  seems  to  me  that  the  loss  in  efficiency 
of  the  furnace  is  due  to  incomplete  combustion,  or  at  least  improper 
air  supply.  The  coal  may  have  been  so  distributed  on  the  grate  as 
to  allow  just  sufficient  air  for  complete  combustion  at  one  point 
and  not  enough  air  at  another,  a  favorable  condition  for  the  pro- 
duction of  CO  and  hydrocarbons  together  with  a  high  CO2.  High 
CO2  is  considered  as  very  desirable  in  furnace  practice  because  it 
indicates  a  minimum  of  excess  air.  It  may,  however,  indicate  in- 
sufficient air  which  might  be  productive  of  far  greater  losses  than 
a  considerable  amount  of  excess  air.  The  13  per  cent  of  CO2  is, 
of  course,  not  the  maximum  CO2  that  can  be  obtained  from  com- 
plete combustion  of  bituminous  coal,  but  from  the  fact  that  the 
CO2  is  only  13  per  cent  instead  of  about  18  per  cent  (the  theoretical 
percentage  with  no  excess  air),  it  may  not  necessarily  be  assumed 
that  an  excess  of  air  was  present,  for  the  excess  shown  may  be  due 
to  leakage,  or  from  the  taking  of  gas  samples  at  the  wrong  place, 
or  from  an  insufficient  quantity  of  air  to  form  the  theoretical  CO2, 
the  remaining  carbon  of  the  coal  escaping  in  the  form  of  CO  or 
hydrocarbon. 

Dr.  Moss:  Regarding  the  amount  of  CO2  content,  I  want  to 
further  state  that  we  have  had  published  at  one  time  and  another 
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the  amount  of  CO2  that  has  been  obtained  by  various  observers. 
I  read  a  few  days  ago  a  statement  that  17  per  cent  of  CO2  had 
"been  obtained.  It  is  evident  that  the  party  who  took  that  sample 
was  not  quaUfied  to  do  so. 

President  Abbott:  What  do  you  say  is  the  highest  possible  per- 
centage of  CO2  in  burning  our  western  coal,  with  a  theoretical 
amount  of  air? 

Dr.  Moss:  14  per  cent  without  danger  of  CO  or  incomplete 
combustion. 

j\Ir.  F.  Chauvet :  In  regard  to  the  stratification  of  gases  and  also 
hydrocarbon,  I  would  like  to  know  what  has  been  done  in  determin- 
ing hvdrocarbons.  In  taking  gas  samples  I  found  considerable 
stratification,  and  in  some  cases  the  CO2  reached  as  high  as  16  and 
17  per  cent.  That  I  should  think  would  be  the  place  to  look  for 
hydorcarbons. 

President  Abbott:     What  was  the  average  CO2? 

Mr.  Chauvet:  Along  the  sides  of  the  boiler  setting,  it  ran  prob- 
ably 4  or  5  per  cent,  but  we  did  not  average  up  the  whole  cross 
.section  of  the  passing  gases ;  it  is  difiicult  to  do  that.  There 
were  areas  showing  16  and  17  per  cent  of  CO2  in  the  first  and 
second  pass.  Further,  I  have  noticed,  in  taking  gas  samples,  where 
considerable  quantities  are  drawn,  that  the  sampler  acts  as  a  con- 
denser, and  there  is  considerable  condensation  which  may  not  all 
be  water,  and  it  may  be  possible '  that  these  were  lower  hydro- 
carbons and  synthetical  products,  and  that  they  might  contain  a 
considerable  amount  of  the  losses.  I  have  noticed  this  repeatedly, 
and  I  should  think  it  would  be  interesting  to  determine  by  analysis 
these  products,  and  see  what  bearing,  if  any,  they  may  have  on 
the  unaccounted-for  losses. 

Mr.  Saxe:  I  would  ask  Mr.  Chauvet  where  he  got  the  largest 
percentage  of  CO2 ;  he  says  that  on  the  sides  it  ran  about  4  per 
cent.  I  suppose  the  16  and  17  per  cent  must  have  been  taken  from 
the  center  of  the  furnace. 

Mr.  Chauvet:  About  half  way  up  the  first  pass  between  the 
seventh  and  eighth  row  of  tubes. 

Mr.  A.  Bement.  m.w.s.e.  :  Usually  the  engineer  is  interested  in 
the  attainment  of  high  efficiency,  or,  in  other  words,  securing  a 
maximum  result  with  a  minimum  expenditure.  It  is  to  be  regretted 
that  the  work  of  the  Fuel  Testing  Division  of  the  Geological  Sur- 
vey should  be  conducted  at  the  low  efficiency  that  it  has  been.  The 
original  idea  governing  the  work  of  the  boiler  division,  for  example, 
was  that  it  would  be  desirable  to  burn  a  large  variety  of  coal  from 
various  places  and  report  what  proportion  of  heat  would  be  realized 
in  steam  for  each  of  the  tests,  crediting  the  coal  with  a  greater  or 
lesser  value  according  to  the  result  in  each  case.  It  is  unnecessary 
at  this  time  to  present  any  argument  to  show  that  such  tests  in 
themselves  could  onlv  be  of  but  little  value,  involving  the  expendi- 
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ture  of  a  large  sum  of  money  in  the  use  of  a  boiler  and  grate  as  a 
calorimeter  for  the  purpose  of  heat  measurement,  a  very  unwise 
thing,  because  a  boiler  is  not  only  a  very  crude  and  inaccurate 
calorimeter  but  a  very  expensive  device  for  the  purpose.  All  of 
the  real  value  expected  from  the  work  as  originally  contemplated 
could  have  been  done  by  the  chemical  division  very  much  better 
and  at  far  less  expense.  In  fact,  the  chemical  department  did  de- 
termine and  report  the  heating  value  of  each  sample  of  coal  which 
the  boiler  division  used  and  made  it  entirely  unnecessary  for  the 
coal  to  have  been  burned  because  the  data  of  the  chemical  depart- 
ment was  much  more  accurate.  It  would,  however,  appear  that,  it 
is  necessary  in  Government  work  to  often  make  large  expenditures 
of  money  to  be  used  in  work  of  little  or  no  value.  For  example, 
the  river  and  harbor  appropriations  is  a  familiar  instance ;  some 
important  harbor  may  need  improving,  and  for  that  purpose  require 
an  appropriation  which  certain  members  of  Congress  will  not  vote 
for,  unless  they  can  also  have  some  money  spent  on  some  stream 
of  no  consequence  but  in  their  locality.  So  it  would  seem  that  it 
was  necessary  to  obtain  an  appropriation  for  this  fuel  work  so  that 
the  coal  of  various  people  could  be  burned  up  indiscriminately  just 
to  make  them  feel  they  were  having  attention.  It  certainly  is  to 
be  hoped  that  the  work  of  the  future  may  proceed  on  rational  and 
scientific  lines  because  the  amount  of  money  which  has  been  ex- 
pended at  St.  Louis  has  reached  an  enormous  figure,  and  it  is  a 
burden  which  the  Geological  Survey  cannot  carry  much  longer. 
The  appropriation,  I  understand  thus  far,  is  as  much  as  $750,000, 
and  any  of  the  large  private  corporations  maintaining  a  staff  of 
technical  people  could  have  easily  accomplished  more  for  $100,000 
than  the  Government  will  with  the  entire  $750,000. 

Referring  particularly  to  the  work  of  the  boiler  division,  I  con- 
sider that  most  of  the  credit  for  useful  results  that  have  been  ob- 
tained is  due  to  the  young  men  who  have  occupied  subordinate 
positions,  more  particularly  to  Messrs.  Ray  and  Kreisinger,  espe- 
cially ]\Ir.  Ray,  and  this  fact  has  caused  me  to  realize  to  what  a 
large  extent  the  Chicago  Edison  Company  has  been  instrumental 
in  propagating  intelligent  investigations  along  these  lines.  Its 
engineers  have  been  leaders  and  set  an  example,  which  has  been 
followed  by  many  people,  tending  toward  a  better  understanding 
of  these  complicated  problems  which  concern  fuel  and  its  utiliza- 
tion, requirements  for  smokeless  combustion  and  high  efficiency  in 
steam  generation.  It  was  with  this  company  that  Mr.  Ray  obtained 
his  first  experience  in  the  work  which  he  has  been  conducting  at 
St.  Louis,  and  out  of  the  results  of  these  coal  burning  experiments 
which  otherwise  would  have  been  useless,  he,  with  Mr.  Kreisinger 
and  the  other  young  men,  have  extracted  something  of  value  as 
shown  by  the  diagrams  in  the  paper,  and  it  is  for  this  reason  that 
I  consider  credit  particularly  due  to  them,  and  in  justice,  I  think 
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the  fact  should  not  be  overlooked  that  they  have  extracted  this 
matter  from  the  mass  of  available  data  at  considerable  labor  and 
expense  to  themselves.  The  conclusions  presented  by  these  dia- 
grams, however,  would  have  been  much  more  accurate  and  definite, 
had  the  experiments  been  expressly  conducted  for  the  purpose  of 
determining  the  particular  features.  For  example,  referring  to  the 
diagram  showing  the  relation  between  efficiency  obtained  and 
moisture  in  coal  used :  if  the  ash  content  varied  in  these  tests, 
some  of  the  result  would  be  caused  by  it,  rather  than  to  difference 
in  moisture,  and  the  effect  would  be  due  in  a  measure  to  the  pres- 
ence of  ash  as  well  as  moisture.  Mr.  W.  L.  Abbott  presented  a 
paper  some  time  ago*  which  I  think  can  serve  as  a  pattern  for 
future  investigation,  because  it  not  only  gives  results  of  work  on 
this  plan,  but  concerns  itself  with  the  three  most  important  things 
as  affecting  the  utilization  of  coal,  namely,  the  influence  of  the 
amount  of  ash  present,  size  of  pieces  of  the  fuel,  and  fuel  loss 
occurring  in  smoke.  If  the  Government  could  take  Mr.  Abbot's 
investigations  as  a  pattern  and  follow  them  out  to  a  more  definite 
conclusion  and  continue  the  investigations  relating  to  the  distribu- 
tion and  location  of  boiler  heating  surface,  or,  in  other  words,  the 
efficiency  of  boilers,  it  would  be  the  best  thing  the  boiler  division 
could  do,  and  afford  practical  data  of  great  economic  value.  We 
have  in  Chicago  two  private  companies,  namely,  the  Chicago  Edi- 
son Company  and  the  Peabody  Coal  Company,  each  of  which  have 
made  studies  and  researches  with  an  expenditure  of  merely  a  frac- 
tion of  the  money  used  at  St.  Louis,  and  secured  results  of  more 
practical  value  than  has  thus  far  been  obtained  by  the  fuel  testing 
division,  and  this,  I  think,  can  be  cited  as  evidence  of  the  necessity 
for  an  improvement  in  the  propaganda  of  this  department  of  the 
U.  S.  Geological  Survey  work. 

The  most  important  feature  shown  by  the  diagrams,  is  the  loss  of 
heat  due  to  unburned  volatile  matter,  and  Charts  i,  ii,  12  and  13 
illustrate  the  fact  that  such  loss  is  an  important  and  serious  one  in 
usual  practice  with  bituminous  coal.  In  Chart  13  is  shown  a 
rapidly  increasing  unaccounted  for  loss  with  increase  in  CO,  this 
unaccounted  for  loss  being  that  of  unburned  hydrocarbons,  or,  in 
other  words,  smoke.  Chart  11  shows  that  the  sum  of  CO2,  O  and 
CO  becomes  less  as  furnace  temperature  increases ;  this  is  not  due 
to  .the  temperature,  but  to  the  fact  that  the  quantity  of  air  is  less 
with  higher  temperature,  and  for  this  reason  combustion  was  less 
complete  with  this  condition,  which  was  that  of  an  intermittent 
fuel  supply  by  hand.  If  the  fuel  supply  had  been  uniform,  and  the 
furnace  chamber  of  sufficient  mixing  capacity,  the  curve  of  total 
absorption  would  have  been  a  straight  horizontal  line,  and  the 
curve  of  CO  at  zero  for  the  full  range  of  furnace  temperature. 
Likewise  Chart  Xo.   13  shows  that  the  unaccounted  for  loss  in- 
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creases  with  CO,  the  CO  increases  with  furnace  temperature,  the 
unaccounted  for  loss  is  that  of  escaping  hydrocarbons,  not  de- 
termined in  the  gas  analysis.  Therefore  it  is  not  correct  as  stated, 
that  efficiency  in  steam  makmg  does  not  increase  with  furnace  tem- 
peratures above  2200^  to  2400°  F.  because  the  drop  in  efficiency 
is  due  to  incomplete  combustion  which  accompanied,  but  is  not 
caused  by  the  rise  in  temperature.  If  the  feed  of  fuel  is  suffi:iently 
tuiiform  and  the  capacity  of  the  furnace  ample  to  ensure  complete 
combustion,  efficiency  in  steam  generation  will  be  at  maximum 
with  maximum  furnace  temperature,  and  this  is  an  important  fact 
which  should  not  be  overlooked,  High  furnace  temperatures,  of 
course,  destroy  brickwork  faster  than  do  lower  temperatures,  but 
the  gain  secured  with  high  temperature,  if  accompanied  by  com- 
plete combustion,  results  in  a  fuel  saving  of  such  magnitude  that 
the  net  gain  due  to  it  is  very  important. 

Chart  12  is  unfortunate  in  its  title,  and  I  am  surprised  that  the 
matter  was  so  presented,  because  it  has  been  thoroughly  discussed 
in  the  Transactions  of  the  American  Society  of  Mechanical  En- 
gineers, Vol.  XXVI,  pp.  619  and  918,  wherein  the  fact  has  been 
very  clearly  set  forth  that  it  can  be  of  no  advantage,  even  if  full 
heat  development  is  secured,  unless  it  be  done  so  at  some  useful 
temperature.  The  object  of  the  fire  is  to  heat  something,  and  if  its 
temperature  is  not  sufficiently  high  to  do  so,  there  can  be  nothing 
gained  in  burning  the  coal,  so  we  cannot  consider  furnace  efficiency 
apart  from  temperature,  yet  this  diagram  appears  to  tell  us  that 
the  lower  the  temperature  at  the  fire  (or  its  equivalent,  the  CO2), 
the  higher  the  efficiency ;  or  in  other  words,  that  the  highest  effi- 
ciency is  secured  with  the  lowest  CO2.  If  it  had  been  stated  that 
the  diagram  shows  the  relation  between  completeness  of  combustion 
and  CO2,  it  would  have  conveyed  some  correct  meaning. 

In  reference  to  the  inquiry  relative  to  indications  of  the  various 
CO2  instruments,  under  some  conditions  efficiency  does  not  increase 
with  the  CO2 ;  for  example,  with  a  hand  fire  it  niay  be  found  that 
7  or  8  per  cent  CO2  gives  as  high  an  efficiency  as  more  CO2,  due 
to  the  fact  that  as  the  air  supply  decreases,  smoke  increases,  and  for 
such  condition  there  is  a  point  where  the  lines  will  cross.  There- 
fore in  such  cases  it  is  necessary  to  secure  means  to  produce  com- 
pleteness of  combustion,  and  when  this  is  done,  efficiency  will  be 
at  maximum  with  maximum  CO2.  To  secure  complete  combustion 
may  require  that  the  fuel  feeding  method  and  the  furnace  be  cor- 
rected. Thus  if  a  boiler  plant  operates  without  making  smoke, 
CO2  may  be  increased  to  the  maximum  with  economy. 

Referring  to  the  statement  concerning  curve  No.  i  relative  to  the 
behavior  of  coal  high  in  "volatile"  matter  when  used  in  a  boiler 
apparatus  of  this  character,  attention  should  be  called  to  the  fact 
that  the  furnace  employed  in  these  tests  is  only  a  plain  chamber, 
sufficient  in  those  cases  where  there  is  a  uniform  feed  of  the  c^"^ 
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by  a  stoker,  but  not  so  in  the  case  of  hand  firing ;  because  it  has  not 
sufficient  auxiliary  gas  mixing  devices  to  take  care  of  the  irregular- 
ity produced  by  hand  firing,  and  under  such  conditions  the  "high 
volatile"  coals  are  not  only  at  a  slight,  but  at  a  great  disadvantage. 
Referring  to  the  inquiry  regarding  the  theoretical,  or  in  other 
words,  the  maximum  possible  percentage  of  CO2  in  combustion 
gases,  I  have  taken  coal  of  seams  Xos.  6  and  7  of  Illinois,  which 
are  the  two  most  important  producers,  and  have  had  CO2  calcula- 
tions made  for  them.  Inasmuch  as  SO2  in  usual  gas  analysis  is 
absorbed  along  with  CO2  and  considered  as  being  the  sam6,  two 
sets  of  values  are  tabulated,  one  including  sulphur  and  the  other 
excluding  it,  as  follows : 

Illinois  Coal   Seams 
No.  6      No.  7 

CO2  by  volume    18.06         18.23 

CO2  by  volume  including  SO2 18.48         18.50 

CO2   by   weight    25.54         25.81 

CO2  by  weight  including  SO2  26.44         26.38 

Mr.  Ray  states  that  the  authors  see  no  reason  why  boilers  cannot 
be  constructed  and  properly  operated  with  entire  satisfaction,  so 
as  to  produce  about  ten  times  as  much  steam  per  square  foot  of 
heating  surface  as  is  now  done,  and  with  no  difficulty  in  obtaining 
dry  steam.  As  far  as  dry  steam  is  concerned,  the  matter  is  only 
one  of  proper  design,  but  I  w'ould  inquire  how  such  larger  capacity 
is  to  be  had,  and  what  proportion  of  the  energy  in  the  fuel  will  be 
necessary  to  cause  the  gases  to  flow^  through  the  narrow  and  ex- 
tended gas  passages  which  will  be  required,  and  by  what  means 
the  motive  power  may  be  applied.  Since  the  experiments  of  the 
Chicago  Edison  Co.  a  few  years  ago,  it  has  been  quite  generally 
"realized  that  it  is  desirable  to  employ  baffling  which  will  cause  the 
gases  to  flow  in  contact  with  more  of  the  boiler  surface,  than  i; 
usual  in  present  accepted  boiler  design.  This,  however,  requires 
smaller  passages  of  greater  length,  and  produces  higher  velocity 
of  gases  and  greater  resistance  to  their  flow,  so  that  with  present 
available  draft  power,  there  is  a  limit  to  the  amount  of  baffling,  or 
in  other  words  the  resistance  to  the  flow  of  gases,  which  will  limit 
the  capacity  to  an  amount  much  less  than  ten  times  that  which  we 
now  get  with  ordinary  boilers.  Speculation  along  this  line  leads 
to  the  idea  of  a  furnace  under  a  high  pressure,  discharging  gases 
over  the  heating  surface  into  a  high  vacuum  and  special  means  to 
induce  the  necessary  high  velocity  in  the  circulating  water,  so  that 
the  heat  may  be  absorbed  as  fast  as  supplied ;  this  is  at  least  a  rather 
difficult  mechanical  proposition. 

The  Geological  Survey  I  think  should  be  highly  commended  for 
taking  up  these  important  subjects  of  boiler  efficiency  and  capacitv, 
and  I  hope  that  this  branch  of  the  work  will  receive  the  support 
and  encouragement  its  great  economic  value  justifies. 
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Mr.  William  Kent,  Syracuse,  (N.  Y.)  University,  by  letter.  The 
definitions  of  efficiencies  given,  do  not  seem  to  correspond  exactly 
with  the  definitions  in  the  A.  S.  M.  E.  code,  which  are  as  follows: 

/2.  Efficiency  of  a  boiler.  Heat  absorbed  by  the  boiler  per 
pound  of  combustible  divided  by  the  heat  value  of  one  pound  of 
combustible.  (Combustible  is  defined  in  a  foot  note  as  the  coal 
without  moisture  and  ash  but  including  all  other  substances.  It 
is  th*e  same  as  what  is  called  "coal  dry  and  free  from  ash." 

73.  Efficiency  of  a  Boiler  including  the  Grate.  Heat  absorbed 
by  the  boiler  per  pound  of  dry  coal  divided  by  the  heat  value  of  one 
pound  of  coal. 

These  are  the  only  two  efficiencies  described  in  the  A.  S.  M.  E. 
code.  The  other  two  efficiencies  mentioned  in  the  paper,  furnace 
efficiency,  the  ratio  of  the  heat  actually  developed  in  the  furnace 
and  the  potential  heat  of  combustible  ascending  from  the  grate ;  and 
true  boiler  efficiency,  the  ratio  of  the  heat  absorbed  by  the  boiler 
to  the  heat  which  is  available  to  it,  would  be  interesting  things  to 
have  if  we  could  obtain  them,  but  I  do  not  see  how  it  is  possible 
to  measure  these  efficiencies,  for  the  reason  that  it  can  not  be  found 
out  how  much  heat  is  actually  developed  in  the  furnace  and  how 
much  is  developed  between  the  furnace  and  the  chimney  in  the  case 
of  the  coal  giving  a  long  flame  and  smoky  gases. 

In  Table  No.  3.  it  is  interesting  to  note  that  coals  from  Alabama, 
Arkansas,  Illinois,  Indiana,  Kentucky,  Maryland,  New  Mexico, 
Ohio,  Tennessee,  V'irginia,  Washington  and  West  Virginia  all  give 
efficiencies  within  the  narrow  range  of  64.60  and  67.64  per  cent, 
a  difference  of  only  3.04  per  cent.  This  would  indicate  that  with 
most  of  the  bituminous  coals  of  this  country  not  including  lignites, 
nearly  the  same  efficiency  can  be  obtained  with  careful  firing  and 
with  proper  provision  for  burning  the  smoky  gases.  The  average 
of  these  efficiencies  is  65.45  P^r  cent.  This  is  10  per  cent  lower 
than  can  be  obtained  with  the  very  best  conditions  of  firing,  such 
as  automatic  stokers  set  in  Dutch  ovens.  An  efficiency  of  75  per 
cent  as  compared  with  one  of  65  per  cent  is  equivalent  to  13 1/3 
per  cent  saving  of  fuel.  This  is  the  margin  of  possible  saving  be- 
tween the  average  results  obtained  from  bituminous  coals  in  the  St. 
Louis  tests  and  the  possible  result  under  more  favorable  conditions. 
It  is  greatly  to  be  desired  that  if  these  experiments  are  to  be  con- 
tinued at  Jamestown  the  best  possible  conditions  be  provided,  such 
as  an  automatic  stoker  in  which  the  thickness  of  the  bed  of  fuel 
can  be  regulated  as  desired,  and  a  large  fire  brick  combustion 
chamber  with  baffling  walls  for  causing  a  complete  mixture  of  the 
gases  before  they  are  allowed  to  touch  the  cooling  surface  of  the 
boiler.  The  Commission  should  not  rest  satisfied*  with  tests  which 
show  10  per  cent  efficiency  less  than  what  is  possible  with  better 
appliances. 

The  upper  line  of  the  Chart  No.  i  shows  a  great  dropping  off  in 
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the  efficiency  obtainable,  when  the  volatile  matter  in  the  combustible 
is  in  excess  of  40  per  cent.  This  indicates  that  it  is  much  more  im- 
portant with  coals  high  in  volatile  matter  to  have  the  proper  con- 
ditions for  burning  them  than  with  coals  low  in  volatile  matter. 
The  lower  line  on  the  chart  indicates  that  the  highest  temperature 
in  the  furnace  was  obtained  with  a  coal  of  about  34  per  cent  of  vola- 
tile matter.  This  result  can  only  be  considered  accidental.  There 
is  no  reason,  practical  or  theoretical,  why  coals  low  in  volatile 
matter,  even  anthracite  coals,  should  not  give  as  high  a  tem- 
perature as  a  coal  with  34  per  cent  of  volatile  matter,  or  anv 
other  percentage.  The  highest  figure  shown  on  the  chart  is  only 
2450  degrees.  I  have  myself  obtained  3300  degrees  with  Pitts- 
burg coal,  as  shown  by  a  Uehling  &  Steinbart  pyrometer,  and 
this  was  also  confirmed  by  the  fact  that  the  platinum  tube  of  the 
thermometer  was  softened  and  bent.  The  low  temperatures  given 
with  the  coals  low  in  volatile  matter  in  these  St.  Louis  tests  would 
indicate  that  too  much  air  was  passing  through  the  furnace.  The 
low  temperatures  with  coals  high  in  volatile  matter  may  be  caused 
either  by  too  much  air  or  by  the  moisture  in  the  coal,  which  makes 
it  impossible  to  obtain  high  temperatures. 

The  statement  on  page  292,  that  the  rise  of  temperature  with 
increase  of  volatile  matter  up  to  30  per  cent  is  due  to  increased 
rate  of  combustion,  "for  as  the  volatile  matter  increases  the  coal 
burns  more  rapidly  and  less  air  is  used  to  burn  one  pound  of  com- 
bustible," is  scarcely  accurate.  The  rapidity  of  burning  the  coal 
and  the  quantity  of  air  per  pound  of  combustible  are  not  necessary 
results  from  the  quantity  of  volatile  matter  in  the  coal  but  are  results 
of  the  thickness  of  bed  and  of  the  pressure  of  the  draft.  Any  kind 
of  coal  can  be  burned  as  desired,  either  rapidly  or  slowly,  if  the 
draft  conditions  are  provided  for  it ;  and  any  kind  of  coal  can  be 
burned  with  a  large  supply  or  a  small  supply,  according  to  the 
thickness  of  bed,  the  obstruction  which  the  bed  offers  to  the  passage 
of  air,  and  the  draft  available.  It  would  be  well  in  future  tests  if 
the  air  could  be  supplied  by  positive  blowers  of  the  Root  or  other 
type,  so  that  a  definite  and  measured  quantity  of  air  could  be  sent 
through  the  bed  of  coal  as  desired,  and  not  leave  this  quantity  to 
be  the  accidental  result  of  the  two  variables  the  draft  pressure  and 
the  obstruction  to  the  passage  of  air. 

The  relation  of  efficiency  to  percentage  of  ash  in  the  coal  shown 
in  Chart  Xo.  7  should  be  understood  to  be  only  the  relation  inci- 
dentally found  in  these  tests  and  not  the  relation  which  may  be 
found  in  other  tests  in  which  better  provisions  are  made  for  burning 
the  volatile  matter  in  the  highly  volatile  coals,  and  in  which  pro- 
vision is  made  by  shaking  grates  or  otherwise,  for  getting  rid  of 
the  ash  without  shaking  the  fire  by  opening  the  doors  and  shutting 
off  the  draft.  There  is  no  necessary  relation  between  percentage 
of  ash  and  efficiency  but  there  may  be  accidental  relation,  as  when 
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high  ash  is  combined  with  high  moisture  or  high  volatile  matter 
or  both,  and  when  the  ash  is  of  such  nature  that  it  clinkers  and 
chokes  the  draft  and  thus  leads  to  imperfect  combustion. 

The  relation  between  moisture  in  the  coal  and  efficiency  is  also 
to  some  extent  an  accidental  relation,  due  to  the  fact  that  coals 
with  a  large  percentage  of  moisture  and  which  are  apt  to  generate 
water  gas  in  a  furnace,  require  more  perfect  provision  for  burning 
this  gas  than  do  coals  cotaining  low  moisture  and  low  volatile  mat- 
ter. In  so  far,  however,  as  coals  high  in  moisture  tend  to  chill 
the  fire  and  also  in  so  far  as  the  moisture  generated  leaves  the  chim- 
ney as  superheated  steam,  taking  heat  away  which  ought  to  be 
given  to  the  boiler,  moisture  will  tend  to  cause  low  efficiency. 

In  regard  to  the  classification  of  coals,  there  is  still  a  large  field 
for  study  of  this  subject  and  I  doubt  if  it  will  ultimately  be  found 
that  the  relation  between  carbon  and  hydrogen  in  the  dry  coal  is 
the  best  basis  for  classification.  I  have  been  studying  the  subject 
of  classification  of  coals  for  some  time  but  am  not  yet  ready  to  pre- 
sent my  views  in  detail  on  the  subject,  as  further  study  is  needed. 

On  page  306,  it  is  stated,  "It  would  reasonably  be  expected  that 
when  CO  occurs,  the  flue  gases  contain  other  combustible  gase^ 
which  although  they  may  be  in  unmeasured  quantities  may  ac- 
count for  heat  losses  often  double  that  indicated  by  CO."  This- 
.  is  no  doubt  true  and  it  is  to  be  hoped  that  in  future  investigations 
an  attempt  will  be  made  to  account  for  this  excess  of  loss.  I  would 
suggest  that  the  excessive  loss  is  probably  due  to  the  formation  of 
water  gas,  CO+H,  immediately  after  firing  fresh  coal,  when  there 
is  insufficient  air  passing  through  the  bed  to  burn  the  gas  thus  gen- 
erated. The  CO  may  be  found,  although  with  a  considerable  proba- 
ble percentage  of  error,  in  the  ordinary  flue  gas  analysis,  but  the 
Hydrogen  wdiich  escapes  for  say  one  minute  after  firing  may  not 
be  found.  It  is  doubtful  if  our  methods  of  chemical  analysis  are 
sufficiently  fine  to  determine  with  any  approach  to  accuracy  as  smail 
an  amount  as  one  per  cent  of  Hydrogen  in  a  mixture  containing 
say  80  per  cent  Nitrogen,  10  per  cent  CO2  and  10  per  cent  for  the 
sum  of  other  gases,  but  one  per  cent  of  Hydrogen  in  the  chimney 
gases  would  account  for  a  great  loss  of  heat. 

On  page  309,  it  is  said  that  the  variation  in  temperature  after  each 
firing  is  due  to  the  fact  that  the  volatile  matter  is  distilled  ofif  and 
that  this  distillation  is  a  cooling  process.  There  are  two  other 
causes  of  the  fire  being  cooled  at  this  time.  i.  The  checking  of  the 
air  supply  by  the  addition  of  fresh  coal,  much  of  which  is  fine,, 
choking  the  air  passages  through  the  bed,  causing  the  production 
of  CO  instead  of  CO2.  and  thereby  reducing  the  temperature ;  and 
the  other  is  the  decomposition  of  the  moisture  in  the  coal,  which  is. 
probably  a  still  greater  cause  for  the  reduction  of  temperature. 

On  page  309,  it  is  stated  that  volatile  matter  is  distilled  ofif  and 
burned  in  shorter  time  in  the  West  Virginia  coal  than  in  the  Ohio. 
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coal.  This  rapidity  of  distillation  of  different  coals  is  one  which 
should  be  further  investigated.  Some  years  ago  I  had  to  compare 
an  Ohio  coal  with  an  Illinois  coal.  I  found  that  on  putting  sampler 
of  both  coals  on  the  same  iron  plate  heated  by  a  Bunsen  burner, 
the  Illinois  coal  gave  oft"  great  quantities  of  gas  long  before  any 
gas  was  perceptible  from  the  Ohio  coal.  In  further  investigations 
of  the  coals  of  the  United  States  it  might  be  well  to  determine  at 
what  temperature  different  coals  began  to  give  off  their  volatile 
matter  and  the  length  of  time  required  to  drive  off  all  the  volatile 
matter  from  diff'erent  coals  at  different  temperatures.  This  investi- 
gation may  appeal  strongly  to  some  of  our  pure  scientist  friends, 
because  the  practical  bearing  of  the  results  which  may  be  obtained 
are  somewhat  remote. 

I  am  not  prepared  to  accept  the  mathematical  equation  shown 
on  page  316  which  shows  the  relation  of  heat  transmitted  to  the 
several  variables  mentioned.  I  think  we  have  too  few  experimental 
data  available  for  any  proper  investigation  of  this  subject.  I  am 
inclined  to  believe  that  the  heat  transmission  varies  as  the  squarv=} 
of  the  difference  of  temperature  between  the  gases  and  the  boiler 
plate  and  not  directly  as  the  difference,  and  that  within  the  limits 
found  in  practice,  it  is  independent  of  density,  specific  heat  or 
velocity.  Suppose  a  certain  weight  of  gas  has  to  pass  at  the  rate 
of  20  ft.  per  sec.  through  a  tube  2  in.  in  diameter,  20  ft,  long,  and 
that  another  equal  quantity  of  gas  with  the  same  initial  tempera- 
ture has  to  pass  through  a  4  in.  tube  only  10  ft.  long.  The  number 
of  square  feet  of  heating  surface  is  the  same  in  both  tubes  but  the 
velocity  is  four  times  as  great  in  the  2  in.  tube  than  it  is  in  the  4  in. 
tube.  Have  we  any  experimental  proof  which  would  show  that  the 
4  in.  tube  is  less  efficient  than  a  i  in.  tube  for  the  same  total  quantity 
of  heating  surface  and  the  same  weight  and  initial  temperature  of 
the  gases?  The  answer  to  this  question,  it  seems  to  me,  should  be 
made  from  direct  experiments  on  tubes  with  measured  quantities 
of  gas  and  not  deduced  from  boiler  experiments. 

On  the  whole,  I  am  greatly  pleased  with  Professor  Breckenridge's 
paper.  It  seems  to  me  to  be  one  of  the  best  attempts  at  systematic 
study  of  the  relation  of  causes  and  eft'ects  in  boiler  tests,  that  ha^ 
ever  been  made.  The  making  of  hundreds  of  tests  of  boilers  with 
different  coals  under  different  circumstances  leads  to  no  useful  re- 
sult whatever  if  these  results  can  not  be  interpreted  by  some  one 
with  a  scientific  turn  of  mind  who  will  tell  us  what  the  results  mean 
and  discover  the  relation  of  the  several  causes  to  the  several  effects. 
The  great  trouble  with  boiler  tests  is  that  a  single  result  is  due  to 
a  complex  combination  of  causes  and  it  is  exceedingly  difficult  to 
make  tests  in  which  several  variables  may  be  eliminated  and  the 
effect  of  two  or  three  variables  be  studied  by  themselves,  without 
being  complicated  by  a  host  of  other  causes,  known  or  unknown. 

I  think  the  principal   thing  to  be  studied  now  in   future  boiler 
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tests  is  the  following:  given  the  fact  that  any  bituminous  coal  con- 
taining less  than  lo  per  cent  of  moisture  can  be  burned  without 
smoke  and  so  as  to  get  75  per  cent  efficiency,  what  are  the  best 
means  for  obtaining  the  conditions  which  will  regularly  give  us  these 
results  in  practice  ?  The  average  results  obtained  in  every  day  prac- 
tice with  bituminous  coal  mean  that  there  is  a  loss  of  probably  from 
20  to  25  per  cent  of  fuel  which  ought  to  and  could  be  saved  if  we 
could  find  means  of  burning  the  fuel  properly.  Future  tests  should 
be  directed  to  the  discovery  of  these  means.  If  the  future  boiler 
tests,  to  be  made  by  the  Geological  Survey,  should  result  in  a  saving 
of  only  a  fraction  of  the  coal  which  is  now  wasted  under  steam- 
boilers,  the  money  contributed  by  Congress  for  these  tests  would 
be  repaid  a  hundredfold,  in  a  few  years,  by  the  saving  of  fuel 
which  would  result  from  the  general  adoption  of  improved  methods 
of  burning  coal. 

Mr.  Ray:  In  explanation  of  some  of  the  points  brought  up  by 
Professor  Kent,  and  referred  to  me  by  Professor  Breckenridge,  I 
will  say,  the  numerical  values  of  the  efficiencies  Ei  and  E2  defined 
in  the  paper  correspond  exactly  with  the  values  of  the  A.  S.  M.  E. 
code,  items  j^  and  y2,  although  the  wording  of  the  definitions  given 
in  the  paper  differs  from  that  of  the  definitions  in  the  code.  The 
reason  why  these  definitions  wer6  used  is  because  in  the  analytical 
work  of  the  steaming  tests,  three  other  efficiencies  were  used,  and 
it  was  necessary  to  so  word  the  definitions  of  the  various 
efficiencies  as  to  show  the  difference  between  them.  In  making 
these  definitions  an  attempt  was  made  to  express  by  words  exactly 
what  the  corresponding  numerical  values  obtained  by  computation 
from  the  data  of  tests  stand  for.  Inasmuch  as  we  tried  to  study 
the  boiler  and  furnace  separately  we  could  not  call  Ei  the  efficiency 
of  a  boiler  and  grate  because  it  includes  also  the  furnace.  For  that 
reason,  we  call  it  "The  over  all  efficiency  of  steam  generating  ap- 
paratus," the  latter  including  grate,  furnace,  and  the  boiler  proper, 
considering  as  the  toiler  proper  only  the  metalic  vessel  which  ab- 
sorbs heat  and  evaporates  water.  Although,  in  some  instances,  the 
furnace  is  constructed  within  the  boiler  it  should  be  considered 
separately  because  its  function  is  to  evolve  heat,  which  is  exactly 
the  opposite  of  the  function  of  the  boiler  proper.  The  furnace  wastes 
heat  in  three  ways:  (a)  by  not  burning  the  fuel  completely,  thus  not 
evolving  all  the  heat  in  the  coal,  and  (b)  by  evolving  the  heat  at 
low  temperature,  thus  making  less  of  the  heat  available  to  the  boiler, 
or  (c)  by  radiating  the  heat  after  evolving  it.  The  boiler  w^astes 
heat  by  not  absorbing  completely  the  heat  which  is  available  for  it, 
and  by  radiating  away  the  heat  after  absorbing  it.  The  grate  may 
waste  heat  by  dropping  combustible  into  the  ash  pit  or  removing  it 
with  the  clinkers.  Thus  the  over  all  efficiency  of  the  steam  generat- 
ing apparatus  can  be  reduced  by  heat  being  wasted  in  any  one  or 
all  of  the  above  ways.     The  fact  that  part  of  the  heat  absorbed  by 
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the  boiler  is  radiated  away  justifies  the  use  of  the  clause  "and  car- 
ried away  in  steam"  in  the  definition.  The  accuracy  of  the  defini- 
tion of  Ei  given  in  the  paper  would  not  be  improved  if  both  of  the 
heats  used  in  the  ratio  were  taken  per  pound  of  dry  coal  since  this 
would  only  introduce  the  same  factor  into  both  of  the  heat  values, 
leaving  the  ratio  the  same.  The  term  "potential  heat"  was  used 
because  the  heat  which  exists  in  the  coal  is  in  the  potential  form. 
Ei  is  the  product  of  the  individual  efficiencies  of  grate,  of  furnace, 
and  of  boiler.  E2  is  based  on  the  combustible  which  is  either  burned, 
gasified,  or  in  any  form  rises  from  the  grate.  Numerically  this 
combustible  is  equal  to  the  combustible  of  the  coal  fired  onto  the 
grate  minus  the  combustible  which  falls  through  the  grate  bars  or 
is  pulled  out  with  clinkers.  The  phrase  "combustible  ascending 
from  grate"  was  used  because  it  includes  all  the  combustible  not 
lost  in  refuse.  This  efficiency  leaves  the  grate  out  but  takes  in  the 
furnace  and  boiler  and  is.  therefore,  rightly  called  the  efficiency  of 
the  furnace  and  boiler.  In  the  A.  S.  M.  E.  code  this  efficiency  is 
called  "the  efficiency  of  the  boiler."  The  code  bases  this  efficiency 
on  combustible  and  defines  the  latter  in  the  foot-note  as  coal  free 
from  moisture  and  ash :  however,  it  does  not  give  any  direction  how 
the  "combustible  consumed"  should  be  calculated  whether  by 
method  (a)  or  by  method  (b). 

It  is  true  that  the  furnace  efficiency  E3  is  difficult  to  obtain :  never- 
theless when  there  are  400  boiler  trials  made  on  the  same  apparatus 
and  complete  data,  much  can  be  done  towards  approximating  it 
closely.  Such  approximations  are  of  great  help  in  locating  the  losses. 

The  true  boiler  efficiency  is  the  only  true  measure  of  the  ability  of 
a  boiler  to  absorb  heat,  and  in  research  work  its  determination  should 
be  always  striven  for.  All  other  boiler  efficiencies  are  likely  to 
blame  the  boiler  for  not  absorbing  the  heat  which  is  not  available 
to  it. 

The  indication  of  curve  Xo.  2.  Chart  Xo.  i,  is  not  accidental  but 
rather  characteristic  of  the  Heine  furnace  and  the  fuels.  Xo  expla- 
nation is  given  with  the  chart  how  and  where  the  temperatures  were 
taken,  and  Prof.  Kent  was  probably  misled  by  thinking  that  the  tem- 
peratures given  were  taken  at  a  point  in  the  furnace  where  they 
were  highest.  It  should  have  been  stated  that  the  combustion  cham- 
ber temperatures  were  obtained  in  the  same  way  as  explained  in 
the  second  paragraph  of  the  section  on  furnace  temperature,  that 
is,  the  temperatures  were  taken  in  the  rear  of  the  combustion  cham- 
ber close  to  the  opening  into  the  tube  chamber.  This  place  which 
is  about  15  feet  from  the  grate,  is  in  Fig.  4  indicated  by  the  small 
circle.  The  temperature  at  this  point  is  by  no  means  the  highest 
in  the  furnace :  it  was  taken  at  this  place  because  this  was  the  tem- 
perature of  the  gases  when  they  first  come  in  contact  witii  the 
heating  surface  of  the  boiler. 

With  coals  high  in  fixed  carbon  most  of  the  combustible  is  burned 
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on  the  grate,  and  some  of  the  heat  is  dissipated  by  radiation  and 
conduction  through  the  tile  roof  of  the  furnace  before  the  gases 
reach  the  rear  of  the  combustion  chamber.  With  coals  highly  vola- 
tile the  combustible  is  driven  ofif  as  combustible  gases  and 
vapors  which  burn  in  the  combustion  chamber  so  that  no  time  is 
left  for  the  heat  to  dissipate  before  the  temperature  of  the  products 
of  combustion  is  measured.  Chart  No.  14  supports  these  statements 
The  highest  furnace  temperature  with  highly  volatile  coals  was  ob- 
served to  be  in  the  back  of  the  bridge  wall  at  the  foot  of  the  mixing- 
structure  and  at  the  place  indicated  in  Fig.  4  by  the  small  circle.  We 
have  tests  on  record  when  the  temperature  at  this  place  stayed  for 
hours  above  3,000°  F.  as  indicated  by  the  Wanner  Optical  Pyro- 
meter. The  fact  that  on  two  occasions  an  exposed  platinum  and 
platinum-rhodium  thermo  couple  completely  fused  ofif  when  in- 
serted into  the  furnace  for  30  seconds  is  strong  evidence  of  high 
tempratures  obtained  at  this  point.  As  the  amount  of  volatile  matter 
burned  becomes  less  the  point  of  highest  temperature  moves  towards 
the  grate. 

Another  reason  given  in  the  paper  for  the  rise  in  combustion 
chamber  temperature  when  the  volatile  matter  increases  up  to  30 
per  cent,  is  that  "as  the  volatile  matter  increases  the  coal  burns 
more  rapidly  and  less  air  is  used  per  pound  of  combustible.''  First,, 
the  rapidity  with  which  coals  can  be  burned  under  similar  condition 
such  as  can  be  provided  with  a  hand  fired  furnace  and  natural  draft 
is  to  a  great  extent  depending  on  the  percentage  of  fixed  carbon 
and  volatile  matter  in  the  combustible.  We  know,  for  instance,  that 
we  could  not  burn  coke  and  Arkansas  anthracite  coal  fast  enough 
with  all  our  available  natural  draft  of  about  0.7  inch  of  water  to 
obtain  more  than  60  per  cent  capacity,  while  some  of  the  Ohio  and 
Illinois  coals  produced  over  capacity  with  a  draft  of  0.4  inch  of 
water.  Most  of  the  West  Virginia  coals  running  70  per  cent  in  fixed 
carbon  or  over,  burned  so  slowly  that  capacity  could  not  be  ob- 
tained with  them.  Of  course,  when  we  want  to  compare  coals  as 
to  the  rapidity  with  which  each  burns,  nearly  the  same  condition 
must  be  provided  for  all  of  them. 

Chart  No.  22  shows  that  the  weight  of  dry  gases  per  pound  of 
combustible  decreases  with  the  rate  of  heat  evolution  until  a  certain 
point  is  reached  and  then  it  remains  nearly  constant.  The  rate  of 
heat  evolution  is  nearly  parallel  to  the  rate  of  combustion  of  com- 
bustible in  coal.  The  heat  supposedly  evolved  in  the  furnace  is 
equal  to  the  potential  heat  of  one  pound  of  combustible  times  num- 
ber of  pounds  of  combustible  fired  per  hour  minus  the  combustible 
lost  in  refuse,  minus  the  heat  lost  in  burning  C  to  CO. 

As  to  percentaees  of  ash  in  coal  affecting  the  efficiency  it  must 
be  admitted  that  with  any  given  apparatus  and  given  conditions^ 
coals  containing  more  ash  are  always  at  a  disadvantage.  The  same 
is  true  about  moisture  in  coal. 
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I  agree  with  Prof.  Kent  that  the  distillation  of  volatile  matter 
from  coal  is  a  problem  which  should  be  very  thoroughly  investi- 
gated. Such  investigations  should  be  carried  on  with  the  object  not 
only  to  determine  the  length  of  time  taken  by  the  distillation  of  the 
volatile  matter  from  any  given  coal  at  any  temperature,  but  also  to 
determine  the  amount  and  the  chemical  composition  of  the  volatile 
combustible  leaving  the  coal  at  different  temperatures,  and  when  ap- 
plying heat  with  varying  rapidity.  In  other  words,  to  study  the 
desructive  distillation  of  soft  coals  under  different  treatments  such. 
as  heating  it  gradually  and  heating  it  suddenly.  It  seems  to  me  that 
only  in  such  investigations  lies  the  solution  of  the  smoke  problem. 
Such  investigation  can  better  and  cheaper  be  carried  on  in  the 
laboratory  with  a  small  apparatus  where  all  the  conditions  can  be 
easily  controlled  than  in  a  boiler  furnace.  Laboratory  investigation 
should  precede  experiments  in  a  boiler  furnace  designed  according 
to  the  principles  learned  in  the  laboratory  investigations.  This  is 
the  problem  of  heat  generation.  Another  problem  in  steam  en- 
gineering, which  should  be  investigated,  is  the  problem  of  the  trans- 
mission of  heat,  after  it  has  been  generated,  from  the  gases  into  the 
boiler.  This  problem  consists  in  the  determination  of  the  factors 
which  influence  the  rate  of  the  heat  transmission  both  by  taking 
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the  three  ways  of  the  heat  transmission  (radiation,  convection  and 
conduction )  individually,  and  taking  them  together. 

In  my  estimation,  the  most  fruitful  field  of  work  of  the  Steaiv 
Engineering  Division  of  the  Technologic  Branch  of  the  Department 
of  the  Interior  United  States  Geological  Survey  lies  in  the  investiga- 
tion of  the  above  two  problems. 

Someone  asked  whether  we  had  any  curves  .showing  the  relation 
between  the  CO2  content  of  gases  and  the  temperature  of  gases 
leaving  the  boiler.  We  have.  In  general,  they  go  up  together; 
that  is,  high  furnace  temperature  usually  means  high  flue  tempera- 
ture; it  may  happen  that  this  relation  will  be  occasionally  reversed 
under  certain  conditions,  but  the  reversal  can  be  accounted  for  by 
modification  of  the  theory,  which  is  treated  of  in  the  forthcoming 
publication  mentioned. 

In  regard  to  the  relation  between  the  CO2  content  and  the  over-all 
efficiency :  The  over-all  efficiency  is  inclined  to  go  up  with  the  higher 
CO2  content.  That,  of  course,  is  with  our  apparatus.  Likewise  the 
flue  loss  goes  down  with  the  higher  CO2  content.  The  unaccounted 
for  item  always  goes  up  wdth  CO2,  and  I  wish  to  emphasize  the 
reason ;  the  more  CO2  the  less  oxygen ;  the  less  oxygen,  the  less 
chance  for  the  combustible  gases  to  come  in  contact  with  it ;  the 
chance  of  any  CO  molecules  getting  burned  is  only  partly  as  great 
with  the  high  CO2  content.  The  cutting  down  of  oxygen  is  a  very 
serious  matter. 

Several  people  have  criticised  our  use  of  the  term  "furnace 
efficiency."  We  shall  profit  by  this  criticism  and  consider  hereafter 
in  this  w^ork  that  the  "furnace  efficiency"  includes  two  things: 
First,  completeness  of  combustion,  and,  second,  high  temperature. 
I  realize  that  the  use  of  the  fuel  under  boilers  is  only  one  small 
use.  There  is  an  enormous  amount  used  for  metallurgical  purposes. 
We  will  modify  these  definitions  of  "furnace  efficiency"  and  put 
in  some  other  curves  we  have  to  show  both  factors  of  furnace 
efficiency. 

Someone  said  he  did  not  think  the  "true  boiler  efficiency"  (our 
efficiency  E4)  was  the  right  thing  with  which  to  compare  boilers. 
In  answer  to  that  I  will  say  it  is  the  only  thing,  because,  so  far  as 
we  are  able  to  find  out  from  the  actual  tests  on  our  two  boilers,  on 
some  B.  &  W.  data  w^e  have  obtained  from  other  parties,  and  on  a 
number  of  locomotive  tests,  they  all  fit  this  theory  of  Perry's  true 
boiler  efficiency,  and  Mr.  Perry  states  that  this  E4  is  nearly  a  con- 
stant for  any  one  boiler.  That  is  the  constant  that  Mr.  Bement  has 
been  talking  about  a  great  many  years.  The  true  boiler  efficiency 
is  probably  fixed  at  a  constant  percentage  for  every  boiler  the 
moment  it  is  finished  in  the  shop,  and  so  long  as  it  is  not  rebaffied. 

Mr.  Saxe  asked  where  one  should  seek  for  the  highest  CO2.  I 
should  say,  before  the  combustion  is  complete.  Generally  speaking, 
I  do  not  know  what  the  answer  is. 
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Mr.  Chauvet  asked  if  anything  was  being  done  to  determine  the 
hydrocarbons.  We  are  going  to  take  up  that  matter  now,  indirectly, 
by  calorimeter  and  other  tests  on  flue  gases,  but  not  in  the  boiler 
division.  We  have  already  done  a  good  deal  of  searching  for  them, 
but  the  results  were  obtained  by  mistaken  methods  and  are  not  to 
be  published. 

In  regard  to  the  stratification  of  gases,  we  made  a  sampler  once 
like  that  shown  in  Fig.  i,  only  instead  of  having  o)ie  hole  through 
which  to  draw  gases,  it  had  two,  y^  inch  apart.  We  never  got  two 
samples  alike,  during  the  same  time,  when  using  all  precautions 
against  errors. 

Prof.  Brcckcnridge:  With  reference  to  the  rate  of  combustion 
which  we  found  most  economical  with  western  coals,  it  was  20  to 
24  pounds  per  sq.  ft.  of  grate  area  in  our  apparatus. 

The  gas  sampler  shown  w^as  used  directly  over  the  fire,  which 
would  account  for  the  fact  that  there  was  sometimes  steam  formed 
in  it. 

The  question  in  regard  to  the  relation  of  volatile  carbon  to  the 
ash  content  in  various  coals  is  too  long  for  me  to  answer  at  this 
time.  It  is  answered  in  reports  of  the  Chemical  Division,  and  I  would 
refer  those  particularly  interested  in  that  subject  to  those  reports. 

In  regard  to  the  matter  of  strata  in  gases,  considerable  work  has 
been  done  by  Mr.  McGovney.  It  is  a  difficult  thing  to  know  how 
and  where  to  get  a  gas  sample.  ]\Iany  experiments  have  been  made 
along  that  line,  and  it  is  certain  it  does  make  a  difterence  where  you 
get  your  sample.  We  are  trying  to  devise  means  for  mixing  all 
the  gases  that  come  from  the  furnace,  and  pass  them  through  such 
baffles  as  will  enable  us  to  get  better  samples. 

The  question  of  the  amount  of  CO2  must  be  considered  with  the 
point  at  which  you  take  your  gas  sample.  For  a  time  we  took  our 
samples  from  the  base  of  the  stack.  More  recently  we  have 
taken  our  samples  from  the  back  of  the  combustion  chamber.  We 
find  that  is  the  best  place  to  take  gas  samples,  if  you  wish  to  discuss 
the  problem  of  the  burning  of  the  coal  on  the  grate. 

We  hope  to  have  these  tests  of  value.  We  have  tried  to  do  the 
work  with  accuracy,  hoping  the  data  would  then  be  available  for 
analysis  and  discussion,  and  I  trust  our  hopes  will  be  justified  a 
little'  later. 

Many  of  the  questions  which  were  asked  at  the  meeting  at  which 
this  paper  was  read  have  been  answered  in  the  discussion  by  Messrs. 
Ray  and  Kreisinger  and  need  not  be  repeated  here. 

Mr.  Bement  refers  to  the  expenditure  of  such  a  large  sum  of 
money  for  these  investigations :  it  should  not  be  forgotten  that  the 
work  of  the  Boiler  Division,  as  it  was  at  one  time  called,  has  been 
but  one  part  of  the  work  of  the  Technologic  Branch  of  the  U.  S. 
Geological  Survey  for  which  this  money  has  been  expended.  Im- 
portant work  has  been  done  by  many  other  sections.     In  addition 
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to  the  seven  sections  noted  on  the  first  page  of  this  paper  all  of 
which  come  in  the  Fuel  Testing  Division  there  is  a  second  large 
division  known  as  the  Structural  Material  Testing  Division  which 
has  also  been  doing  important  work  and  helping  to  spend  this 
money. 

Of  still  greater  significance,  however,  is  the  fact  that  it  has  been 
a  necessary  feature  of  this  work  that  it  should  be  carried  on  in  con- 
nection with  two  great  expositions.  This  feature  of  the  work  has 
made  it  very  expensive  as  known  by  all  who  have  had  to  do  with 
the  installation  and  operation  of  working  exhibits  in  connection 
with  World's  Fairs. 

It  is  much  to  be  regretted  that  the  publications  of  the  reports  of 
the  various  divisions  have  been  so  long  delayed  by  the  government. 
It  is  stated  that  the  large  amount  of  printing  relating  to  the  Panama 
Canal  has  been  chiefly  responsible  for  these  delays. 

When  the  results  of  all  the  work  now  completed  and  in  progress 
are  compiled  and  published  there  will,  it  is  believed  be  ample  justi- 
fication for  the  expenditure  of  such  large  sums. 

In  his  discussion  of  Chart  No.  i  Mr.  Bement  apparently  does  not 
notice  that  the  boiler  setting  referred  to,  does  have  a  gas  mixing 
baffle  as  shown  in  the  drawing  reproduced  in  Fig.  4.  The  writer 
desires  to  express  for  himself  and  his  associates,  appreciation  of  the 
many  letters  of  commendation  which  have  come  to  him  in  relation 
to  the  discussion  of  the  tests  presented  in  this  paper.  No  one 
realizes  more  than  he  the  unscientific  methods  which  have  of  neces- 
sity been  followed  in  much  of  this  work.  Still  out  of  so  much  evi- 
dence he  believes  much  of  value  may  come. 

Plans  for  future  work  have  been  more  carefully  worked  out,  dis- 
cussed and  approved  by  the  National  Advisory  Board.  When  a 
permanent  testing  plant  shall  have  been  provided  then  will  be  pos- 
sible many  fundamental  investigations,  which  have  been  delayed  as 
mipracticable  under  existing  conditions. 


SOME  DETAILS  OF  CONCRETE  CONSTRUCTION. 

L.   J.    HOTCHKISS,   M.    \V.   S.    E. 

Presented  March  6,  1907. 

In  concrete  construction,  more  prehaps  than  in  any  other,  devel- 
opment has  far  outrun  the  Hterature  of  the  art.  In  reinforced 
work  this  is  especially  apparent,  as  new  applications  of  this  form  of 
construction  are  so  nimierous  that  the  ingenuity  of  the  engineer  is 
heavily  taxed  to  provide  economical  methods  of  construction,  and 
to  see  that  no  consideration  of  safety  or  good  practice  is  overlooked. 
The  author  proposes  to  describe  some  of  the  methods  used  on  re- 
cent work  in  the  hope  that  the  discussion  niay  develop  other  methods 
of  greater  value. 
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In  considering  some  of  the  features  of  concrete  construction  as 
carried  out  by  the  railroads,  reference  may  be  made  to  the  track 
elevation  work  now  going  on  in  Chicago,  in  which  a  large  amount 
of  concrete,  both  plain  and  reinforced,  is  being  used.  In  Fig.  i  is 
shown  a  typical  cross  section  of  the  retaining  walls  being  built  by 
the  C,  B.  &  O.  Ry.  This  wall  is  but  little  more  difficult  to  construct 
than  a  plain  one,  while  the  yardage  is  much  less.  Except  where 
inclined  walls  are  required  for  approaches  to  team  tracks,  the  tops 
of  all  walls  are  at  the  same  elevation,  and  that  part  of  the  cross  sec- 
tion above  the  angle  in  the  back  of  the  wall'  is  retained  throughout. 
Changes  in  height  are  made  entirely  below  this  angle,  the  elevation 
of  the  footing  varying  in  horizontal  steps,  thus  maintaining  the 
bearing  surface  normal  to  the  direction  of  pressure,  and  facilitating 
the  use  of  sectional  forms,  which  will  be  illustrated  later.  Plain 
abutments  are  used  in  connection  with  these  retaining  walls,  the 
footings  having  a  reinforced  projection  in  front  to  increase  the 
bearing  area.  This  type  of  abutments  was  used  in  preference  to 
reinforced  ones,  because  of  difficulties  in  constructing  the  latter. 
All  footings  and  the  lower  part  of  the  abutments  were  built  before 
any  of  the  tracks  were  raised,  the  abutments  being  completed  after 
the  tracks  had  been  elevated  on  temporary  bridges.  Rinforced 
abutments  could  not  have  been  readily  built  in  this  manner. 
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Each  track  is  to  be  carried  over  the  subways  on  four  spans  of 
reinforced  concrete  deck  girders,  resting-  on  the  abutments  and  on 
three  Hnes  of  steel  columns  and  cross  girders.  The  sidewalk  gird- 
ers are  lo  ft.  9  in.  long  and  17  in.  thick,  and  the  street  girders  are 
24  ft.  3  in.  long  and  33  in.  thick.  The  girders  are  built  in  sections 
about  7  ft.  wide,  two  sections  being  required  for  each  track.  There 
are  to  be  15  subways  and  the  number  of  tracks  carried  will  vary 
from  6  at  Blue  Island  Avenue  to  42  at  Robey  Street.  Such  a  large 
number  of  girders,  or  "slabs"'  as  they  are  called  on  the  work,  is  re- 
quired that  a  special  yard  was  established  for  their  manufacture. 

This  road  is  also  doing  a  large  amount  of  concrete  construction 
outside  of  Chicago.  Rectangular  boxes  form  an  important  part  of 
it.  A  cross  section  of  one  of  them  with  the  forms  in  place  is  shown 
in  Fig.  2.  They  are  used  for  culverts,  cattle  passes  and  subways, 
and  are  built  to  any  length  and  under  any  embankment.  They  range 
in  size  from  single  4  by  4  ft.  to  double  20  by  20  ft.  and  triple  16  by 
20  ft.  boxes.  They  have  many  advantages  over  arches,  being  far 
more  simple  both  in  design  and  construction.  The  form  work  is  of 
the  plainest  kind.  No  piles  are  needed  under  them,  and  they  may 
be  placed  on  any  kind  of  ground  material,  whether  soft  mud,  quick- 
sand or  gravel,  ^^'here  a  rock  foundation  is  available  an  arch  is 
the  cheaper  form  of  construction.  But  in  any  location  requiring 
piles  the  comparison  is  the  other  way.  The  massive  abutments 
required  to  give  stability  to  an  arch,  cover  an  area  well  outside  the 
clear  opening,  and  place  upon  the  piles  the  weight  of  a  mass  of 
earth  which,  if  a  box  cuh^rt  were  used,  would  fall  entirely  outside 
the  structure.  The  pits  to  be  excavated  for  the  arch  exceed  in 
breadth,  depth  and  yardage,  those  required  for  a  rectangular  box. 
Where  the  material  to  be  excavated  is  sand  or  soft  mud,  the  single 
item  of  depth  of  foundation  required,  will  make  a  large  difference 
in  the  cost  of  sheeting  and  pumping.  Where  a  structure  is  to  be 
built  under  a  track  in  service,  the  temporary  opening  required  for 
a  box  culvert  is  but  a  few  feet  more  than  the  clear  span  of  the  com- 
pleted work,  while  for  an  arch  the  length  of  the  temporary  bridge 
must  be  increased  to  clear  the  abutments.  Because  of  this  differ- 
ence a  small  box  culvert  can  often  be  built  between  the  bents  of  an 
existing  pile  bridge  without  in  any  way  disturbing  the  latter,  while 
if  an  arch  were  used  one  or  more  bents  would  have  to  be  replaced 
by  a  temporary  steel  bridge.  A  large  number  of  these  boxes  have 
been  built  by  the  C,  B.  &  O.  Ry.,  and  not  one  of  them  has  failed  to 
give  satisfaction. 

In  Fig.  3  are  shown  the  forms  used  on  the  retaining  walls. pre- 
viously referred  to.  They  are  a  combination  of  continuous  and 
sectional  forms ;  the  sectional  part  consisting  of  studs,  coping  and 
bottom  forms  for  the  face  and  sectional  forms  for  the  back  of  the 
wall.  Ordinary  sheeting  is  used  between  the  coping  and  bottom 
forms,  the  back  forming  being  entirely  sectional.  All  sections  are 
made  in  templates  and  delivered  on  the  work  in  units,  as  shown  in 
the  figure.     No  attempt  was  made  to  use  sectional  forms  on  the 
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face  of  the  wall,  except  as  mentioned,  because  the  sections  become 
battered  and  warped  with  use,  do  not  fit  closely  together,  and  leave 
the  wall  rough  when  they  are  removed. 
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In  Fig.  4  is  shown  the  method  of  bracing  and  tying  down  the 
forms.  The  cross  section  of  the  wall  is  such  that  the  wet  gravel 
concrete  used  had  a  tendency  to  lift  the  forms  off  the  footing.  This 
did  occur  in  one  case,  causing  considerable  trouble.  The  plan 
shown  in  the  illustration  was  then  adopted,  the  bars  being  placed  in 
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the  footing  and  the  forms  tied  to  them  with  wires.  In  building 
such  walls  it  is  difficult  to  keep  them  in  perfect  alignment.  Small 
variations  in  the  face  of  the  wall  are  not  noticeable,  but  any  deflec- 
tion of  the  coping  shows  at  a  glance.  The  method  of  bracing  the 
coping  form  shown  in  Fig.  4  furnished  an  easy  and  effective  way  of 
lining  up  that  form. 

In  Fig.  5  is  shown  the  forms  used  for  building  the  deck  girders 
or  slabs  for  the  subways,  this  form  being  for  one  of  the  street  slabs. 
These  slabs  are  very  heavy,  weighing  35  tons  each,  and  it  was  nec- 
essary that  a  good  foundation  be  found  for  them.  At  Morton 
Park  a  large  bed  of  cinders  several  feet  deep  was  available.  This 
was  leveled  off  and  the  forms  built  there,  the  timbers  supporting  the 
forms  being  carefully  tamped  and  leveled.  Each  side  and  each  end 
form  was  complete  in  itself.  They  were  set  to  templates  laid  on 
the  floor  of  the  box,  as  only  ^  in.  clearance  is  allowed  for  each 
slab  and  w^ere  used  many  times.  One  hundred  floors  were  pro- 
vided, and  when  they  were  all  filled  with  concrete  the  slabs  firs/ 
built  were  sufficiently  seasoned  to  be  piled  up  and  thus  permit  using 
the  floors  again. 

In  Fig.  6  is  shown  one  of  the  abutments  which  the  C,  B.  &  Q. 
Ry.  built  for  a  special  subway  at  Forty-eighth  avenue,  Hawthorne. 
After  the  footing  had  been  constructed,  boxes  having  three  sides 
and  a  roof  were  built  between  each  pair  of  buttresses.  These  boxes 
formed  back  forms  for  the  curtain  wall,  side  forms  for  the  buttresses 
and  bottom  forms  for  the  bridge  seats.  They  were  very  expensive 
on  the  first  abutment,  as  all  sheeting  was  placed  horizontally  and 
cut  carefully  to  fit.     On  the  second  abutment  most  of  the  sheeting 
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was  placed  vertically,  and  as  little  cutting  as  possible  done,  the  re- 
sult being  a  large  saving  in  the  cost  of  form  work. 

In  fastening  wall  forms  together  the  use  of  bolts  or  rods  instead 
of  wires  increases  the  efificiency  of  the  forms,  and  does  not  increase 
the  cost.  On  the  work  described  here  pieces  of  scrap  pipe  were  cut 
to  fit  loosely  between  the  forms  and  the  rods  passed  through  them 
and  removed  after  completion  of  the  work.  The  ends  of  the  pipes 
were  stuffed  with  waste  to  keep  the  grout  from  filling  them.  Small 
blocks  of  wood  placed  between  the  form  and  the  ends  of  the  pipes 
have  also  been-  used  for  the  same  purpose,  the  blocks  being  later 
VI       fl 
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removed  and  the  holes  filled  with  mortar.  Neither  plan  is  entirely 
eflfective,  and  the  pipes  sometimes  fill  with  grout,  making  it  difficult 
to  pull  out  the  rods.  The  rods  and  pipes  cost  but  little  more  than 
wire  and  the  labor  of  placing  them  is  materially  less.  The  wires 
always  stretch  a  certain  amount,  and  frequently  break,  permitting 
the  forms  to  spread.  If  bolts  are  used  the  forms  can  be  filled  with 
wet  concrete  to  a  depth  of  15  or  20  ft.  without  danger. 

Forms  should  be  coated  with  some  substance  to  close  the  pores 
in  the  wood.  The  finish  of  the  concrete  is  improved  and  the  lumber 
is  left  in  better  shape  to  use  again,  as  less  concrete  sticks  to  it. 
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Soft  soap  thinned  with  water  and  applied  with  a  whitewash  brush 
or  a  broom  works  well  for  this  purpose.  Some  drilling  and  lubricat- 
ing compounds  and  black  oil  have  also  been  used  They  are 
greasy  and  do  not  dry  quickly,  and  in  this  respect  are  better  than 
soap. 

The  careful  placing  of  bars  is  one  of  the  most  important  features 
of  reinforced  concrete  work,  and  one  which  is  too  frequently 
neglected  because  of  the  expense  of  doing  it  right.  A  method  of 
placing  them  in  the  inverts  of  boxes,  is  shown  in  Fig.  7,  which  is 
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both  simple  and  effective.  It  applies  equally  w^ell  to  wall  footings. 
The  stakes  can  be  of  any  convenient  size,  2  by  2  in.  being  sufficient. 
Their  spacing  depends  upon  the  weight  of  bars  to  be  carried.  It 
need  not  be  less  than  6  ft.  centers  and  can  often  be  more.  The 
longitudinal  bars  are  secured  to  the  stakes  by  wire  nails  bent  over 
the  bars.  The  bars  are  tied  together  at  their  intersections  with 
small,  soft  wire,  such  as  stove  pipe  wire.  If  a  convenient  clip  appli- 
cable to  all  sizes  of  bars  could  be  devised,  it  would  be  a  welcome 
substitute  for  the  wires,  as  this  part  of  the  work  is  slow  and  expen- 
sive, and  must  be  thoroughly  done,  where  the  concrete  is  placed  in 
large  batches,  especially  if  it  is  dropped  several  feet  into  the  pit. 
Where  a  wet  gravel  concrete  is  used,  the  need  of  secure  fastening 
for  the  bars  is  particularly  great.  Such  a  concrete  flows  easily 
and  if  bars  are  merely  laid  in  place  they  will  be  swept  aside  as 
though  they  were  chips.  The  vertical  bars  in  walls  may  be  carried 
on  longitudinal  timbers  supported  over  the  footing.  They  can  be 
fastened  with  wire  nails,  and  ordinarily  only  one  line  of  supports 
is  required,  as  the  bars  can  be  thrust  into  the  concrete  after  the  pit  is 
partly  filled,  thus  making  the  concrete  assist  in  holding  them.  The 
longitudinal  bars  should  be  wired  to  the  vertical  ones  if  accurate 
spacing  is  desired.  In  thin  walls  this  must  be  done  before  the  forms 
are  completed,  because  of  the  limited  working  space.  In  the  roofs 
of  boxes  the  bars  can  be  supported  in  a  manner  similar  to  that  used 
in  inverts,  the  iron  supports  shown  in  Fig.  8  replacing  the  stakes. 
Small  blocks  of  concrete  cast  with  notches  to  retain  the  bars  are  also 
used  for  this  purpose. 
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For  general  use  concrete  mixed  wet  is  better  than  a  dry  mixture. 
If  good  gravel  is  obtainable  it  is  to  be  preferred  to  crushed  stone. 
A  wet  gravel  concrete  can  be  handled  much  more  cheaply  than 
stone  concrete,  and  gives  as  good  results.  It  dumps  easily  from 
cars  or  buckets,  can  be  placed  in  the  forms  with  little  labor,  and  re- 
quires no  tamping.  A  derrick  can  serve  a  larger  area  from  one 
position  with  such  a  mixture  than  if  dry  concrete  is  used,  for  the 
wet  gravel  concrete  will  flow  in  chutes  placed  at  an  angle  so  flat 
that  dry  concrete  or  even  a  wet  stone  concrete  will  not  move  in 

them. 
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In  the  construction  of  walls  it  is  best  to  avoid  longitudinal  joints 
wherever  possible.  If  a  section  of  wall  is  partially  filled,  and  the 
concrete  allowed  to  stand  for  some  time,  it  is  difficult  to  remove 
all  the  "laitance,"  and  in  thin  reinforced  walls  this  work  is  difficult 
at  any  time.  If  it  is  not  thoroughly  done,  an  unsightly  joint  re- 
sults,'and  one  through  which  seepage  will  occur  wath  consequent 
discoloration  of  the  surface.  Where  the  nature  of  the  work  will 
permit,  vertical  bulkheads  can  be  built  at  convenient  intervals,  and 
the  space  between  filled  without  stopping.  ]^Iore  bolts  must  be  used 
to  tie  the  forms  together  than  if  the  concrete  were  placed  in  layers, 
but  otherwise  the  forms  need  not  be  heavier  than  would  ordinarily 
be  used.  The  concrete  can  be  placed  more  economically,  as  less 
moving  of  equipment  is  required.  The  vertical  joints  are  less  con- 
spicuous than  horizontal  ones.  In  plain  walls  they  also  serve  as 
contraction  joints,  and  if  a  triangular  moulding  is  placed  in  them 
the  resulting  grooves  relieve  the  monotony  of  the  surface  and  con- 
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ceal  the  opening  of  the  joints  from  contraction  of  the  wall.  The 
use  of  vertical  tenons  in  these  joints  is  of  little  value,  as  the  tenons 
quickly  crack  in  the  plane  of  the  joints.  A  small  percentage  of  lon- 
gitudinal reinforcement  will  do  the  work  of  the  tenons  and  also 
prevent  contraction  cracks. 

Similarly,  in  building  the  inverts  and  roofs  of  boxes  and  foot- 
ings for  retaining  w^alls,  vertical  bulkheads  should  be  erected  par- 
allel to  the  tension  rods,  and  the  space  between  filled  continuously. 
When  quick  setting  cement  is  used  in  hot  weather,  care  must  be 
taken  that  these  sections  are  not  too  long.  In  one  case  observed 
last  summer,  a  section  of  the  roof  of  a  box  equal  to  a  day's  work  had 
been  bulk-headed  off.  One  end  of  the  section  was  filled  half  full, 
and  while  the  other  end  was  being  filled  the  concrete  first  placed 
became  so  hard  a  man  could  walk  on  it  without  making  an  impres- 
sion. This  made  a  joint  in  a  horizontal  plane,  which  should  not  be 
permitted  in  any  beam. 

Occasions  will  arise,  however,  where  a  longitudinal  joint  in  a  wall 
is  necessary,  and  where  this  is  the  case  the  thorough  cleaning  of  the 
concrete  is  often  neglected.  The  laitance  is  not  all  removed  and 
dirt,  shavings  and  sawdust  are  permitted  to  remain  in  the  forms. 
This  work  cannot  be  left  entirely  to  laborers  but  must  have  efficient 
supervision  and  inspection.  The  surface  of  the  concrete  should  be 
scrubbed  with  wire  brushes  and  water  until  every  stone  shows 
clearly,  and  the  water  used  in  the  scrubbing  should  be  flushed  off 
and  not  left  standing  in  the  forms  with  the  laitance  in  suspension,  to 
be  deposited  on  the  concrete  again  as  soon  as  the  scrubbing  gang 
has  gone.  Both  time  and  expense  can  be  saved  if  the  cleaning  is 
done  before  the  concrete  becomes  hard.  It  can  be  done  with  shov- 
els and  a  small  amount  of  washing  instead  of  the  protracted  scrub- 
bing necessary  later.  The  bond  obtained  in  even  the  most  carefully 
cleaned  joint  is  of  uncertain  strength,  and  if  the  cleaning  is  poorly 
done,  there  is  no  bond  at  all. 

For  small  jobs  where  it  does  not  pay  to  install  a  power  machine 
a  hand  power  mixer  mounted  on  a  frame  carried  on  two  large 
wheels  is  used  by  the  C,  B.  &  Q.  Ry.  This  machine  is  turned  by  a 
crank  driving  a  sprocket  chain.  It  is  charged  at  the  material  piles, 
turned  and  hauled  to  the  work  to  be  discharged  into  the  forms,  and 
is  fairly  satisfactory.  It  requires  much  turning  and  the  men  are  apt 
to  become  careless  and  dump  it  before  mixing  is  completed,  but, 
with  careful  supervision,  good  work  can  be  secured.  The  mixer 
is  at  least  as  efficient  as  hand  work,  is  more  convenient  and  easier 
on  the  men. 

On  many  railroad  jobs  local  conditions  are  such  that  a  power 
mixer  of  large  capacity  cannot  be  worked  to  its  limit.  Difficulties 
in  supplying  it  with  material,  or  in  taking  away  the  concrete,  reduce 
its  output  to  that  of  a  much  smaller  machine.  The  latter  is  cheaper 
in  first  cost,  in  installation  and  in  operation.  On  the  other  hand,  if 
the  yardage  is  sufficient  to  justify  the  installation  of  equipment  for 
handling  the  output  of  a  large  mixer,  it  is  better  than  a  small  one. 
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for  the  increase  in  plant  charges  is  not  in  proportion  to  the  increase 
in  amount  of  concrete  handled.  Again,  it  may  occur  on  a  compara- 
tively small  job  that  the  concrete  must  be  taken  a  long  distance 
from  the  mixer,  that  a  large  batch  can  be  moved  as  quickly  and 
easily  as  a  small  one  and  the  time  consumed  in  doing  it  is  sufficient 
for  the  charging  and  turning  of  a  large  machine  before  the  con- 
crete car  or  bucket  returns.  Here  the  large  mixer,  while  it  may 
stand  idle  part  of  the  time,  is  still  econmical.  The  use  of  continuous 
mixers  is  undesirable  unless  there  be  used  with  them,  a  reliable 
measuring  and  feeding  device.  Without  such  a  device  the  concrete 
is  lacking  in  uniformity  both  as  to  proportion  and  consistency.  One 
outfit,  observed  recently  on  street  paving,  serves  to  illustrate  this. 
Stone  was  piled  on  one  side  of  the  machine  and  sand  on  the  other. 
Three  men  shovelled  sand  into  it  while  six  others  supplied  it  with 
stone  and  yet  another  put  in  cement  from  time  to  time.  The  con- 
crete as  dumped  on  the  ground  was  sometimes  wet  and  sometimes 
dry.  Part  of  it  was  thoroughly  mixed  and  part  was  but  slightly 
mixed.  This  is  doubtless  an  extreme  case  but  similar  ones  are  num- 
erous and  show  the  lack  of  reliability  of  such  machines  when  used 
without  proper  appliance  for  proportioning  the  mixture. 

The  varying  requirements  in  the  way  of  equipment  is  well  shown 
in  the  construction  of  some  of  the  concrete  boxes  to  which  reference 
has  been  made.  They  are  often  located  under  a  high,  short  trestle 
at  the  end  of  which  the  material  must  be  unloaded  on  the  side  of 
the  enbankment.  The  conditions  at  such  a  job  recently  built,  per- 
mitted the  installation  of  a  convenient  plant.  Old  bridge  timbers 
were  available  for  building  a  platform  along  each  side  of  the  em- 
bankment about  8  ft.  below  the  top  of  ties.  A  track  for  a  material 
car  was  built  on  each  platform  before  gravel  w-as  unloaded  on  it. 
Each  track  extended  out  over  a  mixer  located  on  the  end  of  the 
embankment  and  bottom  dump  cars,  operated  by  hand,  discharged 
directly  into  the  mixers.  The  latter  discharged  into  concrete  cars 
running  on  a  slightly  inclined  track  up  which  they  were  pulled  by 
the  mixer  engine  to  a  point  over  the  concrete  "box"  to  be  built 
where  the  loads  were  dropped  into  other  cars,  on  a  track  running 
the  length  of  the  "box"  and  supported  above  it,  on  the  forms. 

Another  long  box  culvert,  also  just  completed,  required  a  very 
different  lay  out.  It  was  located  in  a  flat  valley  traversed  by  a 
meandering  creek  and  about  600  ft.  from  the  present  track.  Gravel 
was  unloaded  from  this  track  on  the  side  of  the  embankment  at  the 
foot  of  which  a  large  platform  had  been  built  with  its  outer  edge 
raised  enough  to  clear  two  tracks  carrying  5  yd.  side  dump.  cars. 
Gravel  was  loaded  into  these  cars  through  holes  in  the  platform 
by  means  of  teams  and  drag  scrapers  and  the  cars  drawn  to  a  point 
near  the  work  with  a  cable  operated  by  the  mixer  engine.  The 
gravel  was  dumped  at  the  foot  of  an  inclined  platform  leading  to 
a  hopper  elevated  sufficiently  to  let  a  1V2  cu.  yd.  bottom  dump  car 
pass  under  it.  A  team,  a  cable,  and  a  drag  scraper,  delivered  the 
gravel  through  the  hopper  into  the  material  car,  cement  being  put 
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in  by  hand  at  the  same  time.  The  mixer  engine  pulled  the  ma- 
terial car  up  an  inclined  track  from  which  the  mixer  was  charged. 
The  concrete  car  into  which  the  mixer  discharged  was  drawn  up 
a  steep  incline  leading  to  a  track  which  extended  the  full  length  of 
the  culvert  and  was  supported  above  it  on  the  forms. 

At  Galesburg  a  double  13  ft.  by  12^  ft.  concrete  box  to  carry  a 
street  under  a  new  yard  was  built  entirely  below  the  level  of  the 
natural  ground.  For  this  work  an  old  steam  shovel  was  available. 
It  was  transformed  into  a  derrick  with  a  40  ft.  boom  and  operated 
on  a  track  parallel  to  the  work.  The  mixer  discharged  concrete 
into  cylindrical  bottom-dump  buckets  seated  on  push  cars.  The 
latter  were  pushed  by  hand  to  where  the  derrick  could  reach  them 
and  the  buckets  swung  out  over  the  box  to  drop  their  loads  onto 
chutes.  The  concrete  was  thus  placed  in  any  desired  part  of  the 
work  with  but  little  hand  labor. 


Fig.  10. 

The  work  on  the  Chicago  track  elevation  rec^uired  outfits  easily 
moved  from  place  to  place  and  several  somewhat  similar  schemes 
have  been  used.  In  Fig.  9  is  shown  one  of  the  C.  B.  &  Q.  Ry.  out- 
fits. The  cement  car  is  located  ahead  of  the  gravel  cars  and  over- 
hanging its  forward  end  carries  two  hopi)ers  of  !]/>  cu.  yd.  capacity 
each.  The  two  hoppers  enable  the  wheel-barrow  men  to  work  con- 
tinuously, the  material  car  being  charged  alternately  from  either 
hopper.  The  material  car  is  pulled  up  the  incline  to  the  charging 
platform  by  the  mixer  engine.  The  mixer  is  arranged  to  discharge 
into  a  chute,  a  bucket  or  a  concrete  car. 

In  Fig.  10  is  shown  an  outfit  used  by  the  C  &  X.  W.  Ky.  Only 
part  of  the  material  cars  are  shown,  but  the  material  is  brought 
forward  by  wheel-barrows  on  runways  laid  on  top  of  the  cars  and 
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dumped  directly  into  the  mixer.  By  means  of  a  hopper  with  a 
gate  the  concrete  was  discharged  into  wheel-barrows  when  desired. 

The  equipment  used  by  the  contractor  on  the  I.  C.  R.  R.  retaining 
walls  at  Grant  Park  is  shown  in  Fig.  ii.  The  light  derrick  travels 
back  and  forth  on  a  track  laid  on  two  flat  cars  thus  distributing 
the  concrete  uniformly  over  a  considerable  section  of  wall. 

All  of  these  outfits  have  one  serious  fault,  the  use  of  wheel-bar- 
rows for  bringing  the  material  to  the  mixer.  The  wheel-barrows 
are  so  high  above  the  bottom  of  the  car  that  loading  them  is  a  mat- 
ter of  difficulty  and  the  wheelers  and  shovelers  are  entirely  un- 
reliable. The  contractor  on  the-  Chicago  Junction  Ry.  has  gotten 
up  a  scheme  which  does  away  with  the  wheel-barrows,  and  is'  a 
long  step  in  the  right  direction.  Two  narrow  gauge  tracks  are 
carried  over  the  tops  of  the  material  cars,  and  connect  on  the 
mixer  car  into  a  single  track  which  extends  over  a  hopper  above 
and  back  of  the  mixer.  Two  long,  low  steel  dump  cars  of  about 
I  cu.  yd.  capacity  are  operated,  one  on  each  track.  A  cable  from 
the  mixer  engine  pulls  a  car  up  to  the  hopper  where  it  is  dumped 
and  automatically  returns  to  its  normal  position.  The  track  on  the 
mixer  car  is  inclined  and  gives  the  empty  car  sufficient  momentum 
to  return  it  for  reloading.  This  car  seems  to  be  open  to  one  ob- 
jection. As  it  travels  along  the  outer  edge  of  the  material  cars 
it  can  only  be  loaded  from  one  side.  Not  more  than  four  men  can 
shovel  into  it  at  a  time.  The  capacity  of  the  plant  is  therefore 
limited  to  the  output  of  eight  shovelers  but  the  contractor  says  that 
with  it  he  was  able  to  handle  at  least  as  much  concrete  as  local 
conditions  would  permit  him  to  place  with  any  other  outfit. 
Even  if  no  increase  in  output  or  reduction  in  expense  results,  the 
decrease  in  the  number  of  men  required  is  a  distinct  improvement, 
especially  in  view  of  the  prevailing  scarcity  of  labor. 


Fig.  II. 
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Spading  the  face  of  the  concrete  to  secure  a  finish  gives  good 
result  if  the  work  is  carefully  done  and  no  washing  of  the  wall  with 
grout  should  be  required.  In  the  writer's  opinion  this  method  is 
superior  to  any  form  of  mortar  facing.  It  is  easier  and  cheaper,  is 
equally  effective  and  the  face  does  not  check  or  crack.  A  mortar 
finish  does  both,  in  the  course  of  time,  permitting  seepage  and  dis- 
coloration of  the  face  of  the  concrete. 

For  doing  the  spading,  a  common  garden  hoe,  straightened  out 
until  the  blade  is  nearly  in  line  with  the  handle,  is  an  excellent  tool. 
For  reinforced  work  where  the  spading  must  be  done  in  a  space 
of  two  or  three  inches,  this  tool  is  particularly  useful.  On  high  re- 
inforced walls  which  must  be  spaded  from  the  top,  long  handles  are 
required.  It  is  well  to  have  these  tools  with  different  lengths  of 
handle,  the  shorter  ones  being  used  near  the  top.  Reinforced  walls 
20  ft.  high  have  been  finished  in  this  manner  and  no  other  treatment 
was  needed. 

It  is  often  necessary  to  build  walls  with  the  top  sloping  steeply 
as  in  the  case  of  wing  walls  for  abutments  and  culverts.  Where 
wet  concrete  is  used  covered  forms  must  be  built  for  such  walls,  to 
keep  the  concrete  from  flowing  out  at  the  bottom  of  the  slope.  The 
cover  boards  can  be  removed  as  soon  as  the  concrete  has  set  so  it 
will  stand,  and  then  the  surface  finished  wath  a  trowel.  In  hot 
weather  this  work  can  sometimes  be  commenced  at  the  bottom  of 
the  slope  while  concrete  is  still  being  placed  at  the  top.  In  chilly 
weather  the  wall  can  stand  over  night  and  the  cover  boards  be  re- 
moved in  the  morning  and  the  surface  finished. 

The  C.  B.  &  O.  Ry.  specifications  require  that  exposed  edges  be 
finished  to  a  curve  of  small  radius.  For  this  purpose  cove  mould- 
ing is  often  used.  It  works  well  for  vertical  edges  and  for  the 
lower  edges  of  horizontal  beams.  If  used  for  the  tops  of  walls  the 
concrete  in  setting  shrinks  away  from  the  moulding  leaving  a  rough 
surface.  A  better  finish  can  be  obtained  by  working  the  green  con- 
crete with  a  curved  edging  tool  such  as  used  in  sidewalk  construc- 
tion. 

The  amount  of  concrete  placed  during  the  winter  months  is  con- 
stantly increasing  and  this  work  can  be  done  with  entire  safety, 
if  proper  care  be  taken  in  heating  the  materials  and  keeping  the 
concrete  warm  in  the  forms.  For  thin  reinforced  walls,  it  is  not 
safe  to  rely  on  heating  the  water  alone  or  even  the  water  and  sand, 
but  the  stone  also  must  be  heated  and  the  concrete  when  it  goes 
into  the  forms  should  be  steaming  hot.  For  mass  walls  the  stone 
need  not  be  heated  except  in  very  cold  weather.  Where  concrete 
is  mixed  in  small  quantities  the  water  can  be  heated  by  a  wood  fire 
and  if  a  wood  fire  be  kept  burning  over  night  on  top  of  the  piles 
of  stone  and  sand  a  considerable  quantity  can  be  heated.  The  fire 
can  be  kept  going  during  the  day  and  moved  back  on  the  pile  as 
the  heated  material  is  used.  This  plan  requires  a  quantity  of  fuel 
which  in  most  cases  is  prohibitive  and  is  not  sufficient  to  supply  a 
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power  mixer.  For  general  use  steam  is  far  better.  A  convenient 
method  is  to  build  a  long  wooden  box  8  or  lo  inches  square  with 
numerous  holes  bored  in  its  sides.  This  is  laid  on  the  ground, 
connected  with  a  steam  pipe  and  covered  with  sand,  stone  or  gravel. 
The  steam  escaping  through  the  holes  in  the  box,  will  heat  over 
night,  a  pile  of  sand,  or  sand  and  gravel  8  or  lo  feet  high.  Per- 
forated pipes  can  be  substituted  for  boxes.  Material  can  be  heated 
more  rapidly  if  the  steam  be  allowed  to  escape  in  the  pile  than  if 
it  is  confined  in  pipes  which  are  not  perforated.  Crushed  stone  re- 
quires much  more  heat  than  sand  or  sand  and  gravel  mixed  because 
of  the  greater  volume  of  air  spaces.  In  many  cases  material  which 
has  already  been  unloaded  must  be  heated.  The  expense  of  putting 
steam  boxes  or  pipes  under  it  is  considrable.  To  avoid  this  one  or 
more  steam  jets  may  be  used,  the  end  of  the  jet  pipe  being  pushed 
several  feet  into  the  pile  of  material.  If  the  jets  are  connected  up 
with  steam  hose  they  are  easily  moved  from  place  to  place.  It  is 
difficult  to  heat. stone  in  this  way  except  in  moderate  weather. 
The  writer  recently  tried  wath  a  single  jet  to  heat  a  pile  of  stone 
when  the  thermometer  show^ed  25  degrees  below  zero,  and  was  un- 
able to  supply  a  single  small  gang  mixing  by  hand,  although  another 
jet  heated  an  abundance  of  sand.  Concrete  cannot  be  placed  in 
such  weather  except  at  an  expense  for  heating  which  is  only  jus- 
tified in  extreme  cases. 

On  mass  work  and  at  such  temperatures  as  are  met  with  in 
this  latitude  it  is  not  usually  necessary  to  protect  concrete 
which  has  been  placed  hot  except  in  the  top  of  the  form.  This 
can  be  done  by  covering  the  top  of  the  form  with  canvas  and 
running  a  jet  of  steam  under  it.  If  canvas  is  not  available 
boards  and  straw  or  manure  answer  the  purpose.  If  heat  is  kept 
on  for  thirty-six  hours  after  completion,  this  is  sufficient,  except 
in  unusually  cold  weather.  The.  above  treatment  is  all  that  is  re- 
quired for  reinforced  retaining  walls  of  ordinary  height.  But 
where  box  culverts  or  arches  carrying  heavy  loads  must  be  placed 
in  service  as  soon  as  possible,  the  only  safe  way  is  to  keep  the  main 
part  of  the  structure  warm  until  the  concrete  is  thoroughly 
hardened.  Forms  for  these  structures  can  be  closed  at  the  ends 
and  stoves  or  salamanders  kept  going  inside,  or  steam  heat  may  be 
used.  The  outside  may  be  covered  with  canvas  or  boards  and 
straw  and  steam  jets  run  underneath.  After  the  concrete  has  set 
enough  to  permit  the  removal  of  the  outer  forms  of  box  culverts, 
fires  may  be  built  near  the  side  walls  and  the  concrete  seasoned 
rapidly.  '  V\'here  structures  need  not  be  loaded  until  after  the  ar- 
rival of  warm  weather,  heat  may  be  applied  for  thirty-six  hours, 
and  the  centering  left  in  place  until  the  concrete  has  hardened. 
Careful  inspection  of  winter  concrete  should  be  made  before  loads 
are  applied.  In  this  connection  it  may  be  noted  that  concrete  which 
has  been  partly  seasoned  and  then  frozen,  closely  resembles  thor- 
oughly seasoned  concrete.     Pieces  broken  off  with  a  smooth  frac- 
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ture  through  all  the  stones  and  showing  no  frost  marks,  yet  when 
thawed  out,  can  be  broken  with  the  hands. 

In  conclusion,  it  cannot  be  too  strongly  urged  that  all  details  of 
concrete  work  be  carefully  done,  as  the  simplicity  of  most  of  the 
operations  leads  to  carelessness. 

Discussion. 

Air.  T.  L.  Condron,  m.w.s.e.  :  With  reference  to  the  building  of 
walls  with  expansion  joints,  there  is  no  objection  to  such  joints  in 
the  average  retaining  wall  such  as  described,  but  occasionally  a  wall 
is  to  be  built  in  which  it  is  not  proper  to  have  expansion  joints,  par- 
ticularly where  walls  are  to  withstand  water  pressure.  It  is  possible 
to  build  walls  that  will  be  water  tight,  and  therefore,  without  expan- 
sion joints.  The  speaker  has  designed  w^alls  where  this  condition 
was  to  be  met.  These  walls  are  each  350  feet  long,  and  are  partition 
walls  in  reservoirs,  or  filter  beds. 

To  take  care  of  shrinkage  stresses,  these  walls  are  reinforced 
longitudinally  with  corrugated  steel  bars  to  the  extent  of  1/300  of 
the  cross  section  of  the  concrete.  The  walls  were  so  built  that  they 
were  supported  at  the  top  as  well  as  at  the  bottom,  and  formed  a 
slab  14  ft.  high,  350  ft.  long,  and  12  in.  thick.  No  special  means 
were  taken  to  waterproof  them.  A  wet  mixture  of  gravel  concrete 
was  used,  of  proportions  about  i  :2-i/2 :5.  cement,  sand  and  gravel. 
The  walls,  of  course,  could  not  be  completed  in  a  single  day's 
operation,  and  w^here  the  work  stopped,  the  concrete  was  stopped 
off  on  a  slope,  and  the  next  morning  when  work  was  resumed  the 
slope  was  thoroughly  washed  down  but  not  brushed,  and  the  new 
concrete  placed  on  it,  first  putting  on  a  cement  grout  and  then 
dumping  in  the  concrete.  All  of  the  concrete  was  dumped  from 
the  top  of  the  14  ft.  wall,  and  when  the  work  was  finished  you  could 
see  the  end  of  each  day's  w^ork. 

The  walls  constantly  withstand  water  pressure,  and  1  have  walked 
along  the  length  of  two  of  the  three  walls,  when  there  was  a  head 
of  ten  feet  of  water  on  the  opposite  side  of  each,  and  there  was  no 
sign  of  leakage  except,  that  in  a  very  few  places  a  little  leakage 
occurred  where  wires  passed  through  to  hold  the  form.  I  simply 
mention  this  as  a  sample  of  what  can  be  done  in  a  case  where  it  is 
absolutely  essential  not  to  provide  for  an  expansion  joint. 

The  cross  section  of  the  wall  shown  by  Air.  Hotchkiss  is  not 
unlike  one  which  was  designed  something  over  two  years  ago  and 
built  just  outside  the  city  of  Indianapolis.  Up  to  that  time  no  other 
wall  of  that  shape  had  been  built,  or  at  least  described,  so  far  as  I 
know.  That  particular  wall  in  Indianapolis  was  300  ft.  long  and 
had  the  reinforcing  in  the  back  as  shown  in  Mr.  Hotschkiss'  paper, 
h^ig.  I ;  it  also  had  longitudinal  reinforcing  on  the  face. 

The  question  of  holding  the  bars  in  position  during  construction 
of   reinforced  concrete   work   cannot  be   too   forcibly  brought  out, 
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and  the  means  of  doing  this  should  be  carefully  studied  for  each 
case. 

Mr.  Hotchkiss  refers  to  a  cement  block  which  he  did  not  illus- 
trate, but  which  has  been  used  very  successfully  in  beam  boxes  in 
some  of  the  work  I  have  designed.  We  have  even  used  them  where 
we  had  two  layers  of  reinforcement  in  a  beam,  using  two  sets  of 
blocks.  These  cement  blocks  are  generally  strengthened  by  a  wire 
embedded  in  them,  and  such  blocks  remain  in  the  finished  concrete, 
and  do  not  show.  They  are  much  more  satisfactory  than  attempting 
to  support  the  bars  by  wires  suspended  from  the  top,  as  is  fre- 
quently done. 

Mr.  O.  P.  Chamberlain,  m.w.s.e.  :  I  have  been  much  interested 
in  Mr.  Hitchkiss'  paper ;  he  has  gone  very  thoroughly  into  the  sub- 
ject of  handling  reinforced  concrete  work  for  retaining  walls  and 
beams  in  bridge  work.  I  might  add  a  little  something,  however, 
along  the  line  of  retaining  walls.  That  is,  in  regard  to  whether  the 
reinforced  retaining  wall  is  more  economical  in  construction  than 
the  solid  wall. 

I  took  time  recently  to  sketch  a  solid  retaining  wall  and  compared 
the  amount  of  concrete  in  a  wall  of  that  kind  with  that  in  a  wall  as 
shown  in  the  illustration  on  the  first  page  of  this  paper.  The  amount 
of  concrete  per  lin.  ft.  of  wall,  taking  the  section  shown  in  Fig.  i, 
is  3.2  cu.  yds.  Taking  this  section  for  solid  wall,  it  is  3.33  cu.  yds. 
The  section  shown  in  this  paper  is  the  section  used  by  the  C.  B.  & 
Q.  Ry.  and  is  similar  to  many  other  sections  for  retaining  walls. 
While  it  is  very  light  at  the  top — and  properly  so — ^it  is  extremely 
heavy  toward  the  base.  Taking  the  cost  of  concrete  in  the  two 
walls  and  adding  the  amount  chargeable  in  the  C.  B.  &  Q.  wall,  to 
reinforcement,  the  section  shown  in  the  drawing  would,  I  think,  be 
a  little  more  expensive  per  lin.  ft.  of  wall,  than  the  solid  wall. 

There  are  also  some  other  features  in  which  I  think  the  solid  wall 
has  the  advantage.  In  building  a  solid  wall  most  of  us  would 
undoubtedly  carry  the  back  of  the  wall  up  in  steps,  which  would 
give  us  considerable  advantage  in  stability,  the  weight  of  the  back 
filling  being  partially  carried  as  a  direct  load  on  the  wall.  I  simply 
wish  to  call  attention  to  this  matter.  It  is  not  an  undisputed  fact 
that  the  reinforced  retaining  wall  is  cheaper  or  more  economical 
than  a  solid  wall.  You  will  find  that  here  in  Chicago  many  of  the 
retaining  walls  being  built  are  in  accordance  with  the  old  solid  con- 
struction, and  I  think  a  great  many  engineers  favor  such  construc- 
tion. 

There  is  another  statement  which  I  think  is,  in  part,  questionable, 
and  that  is  the  one  in  regard  to  the  use  of  gravel  concrete,  referred 
to  by  Mr.  HotchkiSs  who  says  that  ''for  general  use,  concrete  mixed 
wet  is  better  than  a  dry  mixture."  Of  course  that  is  true.  The  wet 
concrete  is  easier  and  cheaper  to  handle.  Our  tests  show  that  this 
produces  better  concrete  than  the  old  method  of  mixing  it  almost  dry 
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and  tamping  it.  But  to  the  following  statement — '"If  good  gravel  :s 
obtainable,  it  is  to  be  preferred  to  crushed  stone" — I  take  exception. 
I  think  the  use  of  a  concrete  of  crushed  stone  and  gravel  and  sharp 
.sand  is  admittedly  better  than  either  gravel  alone  with  sand  and 
cement,  or  crushed  stone  with  sand  and  cement.  In  my  own  prac- 
tice I  have  used  all  three.  I  have  used  gravel  concrete,  which  was 
made  from  pit  gravel  mixed  with  pit  sand,  and  cement,  which  pro- 
duced a  very  good  concrete.  I  have  also  used  stone  and  sand,  and 
stone  and  sreenings,  with  cement,  but  I  think  the  best  concrete  must 
contain  crushed  stone ;  in  fact,  I  am  quite  certain  that  tests  made  by 
Robert  W.  Hunt  &  Co.  show  that  gravel  and  stone  and  sand  with 
cement  in  proper  proportions,  give  a  concrete  that  has  the  greatest 
tensile  strength.  This  is  something  I  think  it  worth  while  to  call 
attention  to. 

So  far  as  the  ease  of  handling  concrete  with  the  Smith  mixer  is 
concerned,  in  the  handling  of  wet  concrete  I  can  see  little  difference, 
whether  it  be  made  of  crvished  stone  or  gravel.  It  is  true  that  the 
wet  mixture  of  concrete  is  much  more  easily  and  economically 
handled  than  the  comparatively  dry  mixture. 

Mr.  IV.  A.  Hoyt,  m.w.s.e.  :  In  regard  to  the  retaining  wall,  th;; 
first  thought  I  had  in  looking  at  the  section  was  the  inadequacy  of 
the  reinforcement.  Perhaps  it  is  presumptions  for  me  to  make  this 
criticism,  yet  the  former  speaker  has  alluded  to  the  comparative 
cost  of  a  reinforced  wall  and  a  solid  concrete  wall.  I  wish  the 
author  had  given  us  some  of  the  data  he  used  in  arriving  at  his 
conclusion.  He  says  3^  in.  steel  bars  were  used,  but  does  not  say 
whether  they  were  round  or  square. 

It  seems  to  me  that  such  bars  are  rather  small  to  reinforce  a 
heavy  concrete  wall.  I  therefore  consider  this  wall  neither  a  rein- 
forced nor  plain  wall.  I  figured  out  roughly,  the  resisting  moment 
of  the  concrete  section  he  uses  at  the  base,  and  using  that  section 
you  would  need  a  plate  of  steel  about  lyi  in.  thick  over 
the  entire  back,  to  develop  the  strength  of  the  concrete.  It  seems 
to  me  he  could  cut  down  the  section  a  great  deal  and  use  much  more 
steel,  and  get  thereby  a  much  cheaper  wall.  I  wish  he  would  give 
us  the  data  he  used  in  arriving  at  this  result. 

Mr.  O.  E.  Strehloiv,  m.w.s.e.:  I  think  that  all  the  old  questions 
that  are  brought  out  by  Mr.  Hotchkiss  are  pretty  well  understood ; 
viz.,  wet  concrete,  gravel  concrete,  "spade  finish,"  etc.  But  it  has 
not  been  brought  out  that  most  of  the  railroad  companies  in  Chicago 
have  not  yet  adopted  the  material  and  methods  on  their  work.  The 
greatest  number  are  using  crushed  stone ;  some  are  using  moderately 
wet  concrete,  and  others  a  mortar  face.  My  opinion  is  that  the 
gravel  concrete  as  mixed  by  the  C.  B.  &  Q.  Ry.  is  about  the  right 
kind,  it  being  mixed  very  wet  so  that  it  will  almost  flow ;  it  is  so 
desired  especially  for  reinforced  work.  When  vertical  bars  are  used 
they  are  jarred  by  the  concrete  dropping  into  the  forms  and  they 
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may  be  disturbed  in  other  ways.  The  wet  concrete,  which  also  sets 
much  more  slowly,  will  adjust  itself  around  those  bars  a  foot  or 
two  feet  down,  after  the  concrete  is  placed,  which  would  not  be  the 
case  with  ordinary  dry  concrete.  I  think  that  not  only  is  the  cost 
of  placing  wet  concrete  less  than  di^  concrete,  but  that  compressive 
tests  on  6  in.  cubes  mixed  very  wet  show  that  after  three  months' 
seasoning  the  strength  in  compression  was  about  15  per  cent  greater, 
while  in  seven  days'  time  it  was  about  50  per  cent  less ;  in  30  days' 
time  it  was  probably  25  per  cent  less  than  dry  concrete. 

Sane  engineers  base  their  opinion  on  short  time  tensile  tests  of 
mortar  instead  of  ninety-day  compression  tests  of  concrete,  which 
represents  conditions  in  actual  work.  The  concrete  in  reinforced 
work  is  not  intended  to  take  care  of  the  tension. 

Mr.  W.  B.  R-ii'ing,  m.w.s.e.  :  I  notice  that  the  base  or  footing 
extends  a  considerable  distance  outside  of  the  wall.  In  this  city 
real  estate  is  considered  rather  a  valuable  possession. 

This  base  either  extends  outside  the  right  of  way  or  else  a  space 
of  8  ft.  on  each  side  of  the  right  of  way  is  lost.  It  seems  to  me  it 
would  be  better  to  design  a  wall  where  the  toe  extended  along 
inside  the  right  of  way,  or  else  get  permission  to  allow  the  footings 
to  extend  outside  the  line  of  the  right  of  way  and  give  the  maximum 
area.  Would  it  not  be  better,  instead  of  supplementing  the  bars  at 
the  angle  where  the  weakest  part  of  the  wall  begins,  to  extend  that 
top  bar  dow^n  some  three  feet  below? 

Prof.  A.  N.  Talbot,  m.w.s.e.  (by  letter)  :  The  writer  hopes  Mr. 
Hotchkiss  will  explain  more  fully  the  meaning  and  purpose  of  the 
reinforcement  used  in  the  retaining  wall  and  the  box  culvert  illus- 
trated in  his  paper.  For  ordinary  conditions  of  loading,  it  would 
seem  that  the  reinforcement  is  not  well  placed  or  »that  it  was  not 
intended  to  use  the  steel  entirely  for  reinforcement  against  load 
stresses.  The  writer  calls  attention  to  this  because  so  often  designs 
are  given  for  reinforced  concrete  structures  in  which  the  reinforce- 
ment seems  not  to  follow  the  lines  which  an  analysis  of  the  stresses 
would  indicate  should  be  used.  He  desires  to  ask  how  much  stress 
is  transmitted  by  the  lap  of  the  bars  and  what  resists  the  stresses 
set  up  by  the  angle  which  the  two  sets  make  with  the  others  in  the 
retaining  wall.  . 

Mr.  Condroii :  Referring  to  Mr.  Chamberlain's  remarks — I  have 
a  diagram,  Fig.  12,  which  shows  a  comparison  between  three  forms 
of  retaining  walls,  one  of  which  is  similar  in  section  to  the  wall 
described  by  Mr.  Hotchkiss.  The  reinforced  concrete  wall  shown 
in  this  sketch  has  a  height  of  21  ft.  10  in.,  and  the  section  of  the 
concrete  is  3.44  cu.  yds.  per  lin.  ft.  of  wall  (estimated  cost,  $23.74). 
The  plain  concrete  wall  of  equal  stability  has  5.50  cu.  yds.  per  lin. 
ft.  (estimated  cost,  $27.19).  The  other  plain  concrete  wall  has  4.76 
cu.  yds  per  lin.  ft.  (estimated  cost,  $24.09),  but  the  pressure  on  the 
toe  of  the  latter  is  29  per  cent  greater  than  the  pressure  on  the  toe 
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Fig.  12. 

of  the  reinforced  concrete  wall.  The  fact  of  the  matter  is,  there 
are  miles  of  retaining  walls  built  in  Chicago,  in  which  the  pressure 
on  the  toe  (by  the  usual  methods  for  determining  the  same)  is  very 
excessive  and  the  pressure  on  the  back  or  heel  of  the  wall  is  a 
negative  quantity.  It  is  not  surprising  that  some  of  these  walLs, 
having  twice  the  cross  section  referred  to  in  the  blue  print  tip  out 
at  the  top  under  load.  I  believe  everybody  familiar  with  the  retain- 
ing walls  built  in  Chicago  will  agree  that  most  of  them  do  go  out 
at  the  top  after  they  are  built.    That  point  has  been  studied  by  many 
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engineers,  and  it  has  been  very  difficult  to  get  a  monolithic  wall  that 
would  not  have  excessive  pressure  on  the  toe  and  a  negative  pres- 
sure on  the  heel ;  in  other  words,  the  center  of  pressure,  is  usually 
too  far  from  the  center  of  the  base. 

The  ideal  way  is  to  have  the  pressure  fall  not  in  the  middle  third 
but  at  the  center  of  the  base.  It  is  almost  impossible  to  secure  this 
with  a  monolithic  wall,  but  it  can  be  secured  with  a  reinforced  con- 
crete wall. 

I  think  the  author  of  the  paper,  in  describing  the  reinforcing  for 
this  wall,  has  brought  out  the  point  that  it  is  not  a  reinforced  con- 
crete cantilever  beam  intended  to  balance  the  full  value  of  the  con- 
crete in  compression  by  the  tension  in  the  steel,  but  that  only  enough 
steel  is  used  to  take  care  of  the  tensile  stress  in  the  back  of  the  wail. 
1  quite  agree  with  Mr.  Hoyt  that  it  is  open  to  discussion  if  a  wall 
cannot  be  more  economically  built,  by  reducing  the  mass  of  concrete 
and  increasing  the  amount  of  reinforcement. 

Mr.  Allen,  m.w.s.e.  :  It  would  be  interesting  if  Mr.  Hotchkiss 
could  give  us  a  description  of  the  C.  B.  &  Q.  track  elevation,  which 
I  understand  consists  of  reinforced  concrete  girders,  on  steel  col- 
umns and  cross  girders. 

1 "  ;-  Closure. 

Mr.  L.  J.  Hotchkiss:  The  points  brought  out  by  Mr.  Chamber- 
lain, concerning  the  comparative  cost  of  plain  and  reinforced  walls, 
have  been  so  fully  discussed  by  Mr.  Condron  that  I  cannot  add  any- 
thing along  that  line.  But  I  do  not  agree  with  Mr.  Chamberlain 
when  he  says  that  a  wall  with  the  back  carried  up  in  steps  has  more 
stability  than  if  the  back  is  sloping,  because  it  carries  more  of  the 
weight  of  the  earth  behind  it.  The  triangular  prisms  of  earth  in- 
cluded between  the  edges  of  the  steps  form  a  plane  of  cleavage, 
against  which  the  pressure  of  the  back  filling  will  act  with  prac- 
tically the  same  effect  which  it  would  have  upon  the  sloping  surface 
of  a  smooth  concrete  wall  of  the  same  cross  section. 

As  to  the  relative  strength  of  concrete  made  with  gravel  or  with 
crushed  stone,  laboratory  tests  undoubtedly  show  that  the  stone 
concrete  is  somewhat  stronger.  If  tests  were  made  of  samples 
taken  from  actual  construction  work  the  difference  would  be  re- 
duced to  a  negligible  quantity.  But  gravel  has  a  considerable  ad- 
vantage in  the  matter  of  ease  of  handling  wherever  hand  work  Is 
used ;  it  is  easier  to  shovel  into  barrows  or  carts  and  the  concrete 
flows  more  readily  through  chutes :  it  can  be  placed  more  easily  in 
the  forms  and  packs  better  around  the  reinforcing  bars. 

In  designing  the  retaining  walls  illustrated,  no  attempt  was  made 
to  utilize  the  full  compressive  strength  of  the  concrete ;  this,  as 
Mr.  Hoyt  says,  would  have  required  a  much  greater  amount  of 
reinforcement  than  was  used  and  would  also  have  developed  an 
amount  of  strength  hot  required.     Sections  at  the  top  of  the  footing. 
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at  the  angle  in  the  back  of  the  wall,  and  at  points  both  ab^ve  an<l 
below  this  angle,  were  considered,  the  stresses  computed  by  Prof. 
Howe's  formulas  and  an  amount  of  reinforcement  provided  suffi- 
cient to  carry  the  total  tensile  strength  at  every  point.  The  Johnson 
corrugated  bars  of  ^  in.  size  were  used,  thus  securing  a  better  dis- 
tribution of  metal  and  a  better  design  than  could  be  had  with  larger 
bars.  It  is  probable  a  thinner  wall  with  more  reinforcement  and 
which  would  be  cheaper,  at  least  on  paper,  could  have  been  designed. 
Such  a  wall,  however,  would  have  required  buttresses  and  the 
necessarily  complicated  and  expensive  form-work.  On  account  of 
the  limited  working  space  in  the  forms  for  high  thin  walls,  the 
expense  of  placing  reinforcement  and  concrete  is  greatly  increased ; 
much  of  the  apparent  advantage  of  the  thin  wall  is  lost  as  a  result. 
In  the  work  here  considered,  ease  and  rapidity  of  construction  were 
of  the  utmost  importance,  and  the  design  used  was  selected  because 
it  combined  these  features  with  a  much  lower  cost  than  that  of  a 
plain  wall. 

The  footings  of  these  walls  do  extend  outside  of  the  railway 
company's  right  of  way  and  into  the  adjoining  street.  The  surface 
of  the  sidewalk  intersects  the  face  of  the  wall  at  the  street  line, 
which  is  also  the  line  of  the  right  of  way. 

Referring  to  Prof.  Talbot's  question  concerning  the  stresses  at 
the  intersection  of  the  bars  at  the  angle  in  the  back  of  the  wall,  each 
set  of  bars  extends  past  the  intersection  a  distance  about  i8  in. 
These  projecting  ends  are  deeply  embedded  in  the  wall,  thus  resist- 
ing any  stresses  set  up  by  the  angle  which  the  two  sets  make  with 
each  other,  and  transmitting  the  total  tensile  stress  from  the  upper 
to  the  lower  set  of  bars. 

In  designing  the  concrete  box  culverts,  to  which  Prof.  Talbot 
also  refers,  they  are  considered  as  a  combination  of  simple  beams. 
In  constructing  these  culverts  the  bottom  is  first  built  to  the  extreme 
width  of  the  structure,  with  the  vertical  bars  for  the  side  walls  pro- 
jecting from  it.  The  side  walls  are  then  built  up  to  the  bottom  of 
the  roof  and  last  the  roof  is  put  on.  Thus  the  floor  and  roof  become 
simple  beams  supported  by  the  side  walls,  which  are  themselves 
simple  beams  supported  by  the  vertical  bars  projecting  into  the  floor 
and  roof,  together  with  the  bond  in  the  joints.  The  longitudinal 
reinforcement  is  intended  to  tie  the  structure  together  and  to  resist 
transverse  cracking  from  settlement  under  high  fills. 

Replying  to  Mr.  Allen's  request  for  a  description  of  the  C.  B.  & 
Q.  Ry.  track  elevation  subways,  each  subway  is  66  ft.  wide  between 
abutments  and  has  three  rows  of  steel  columns  and  cross  girders, 
one  at  each  curb  line,  and  one  in  the  center  of  the  street.  The  col- 
umns rest  on  circular  concrete  foundations  3  ft.  8  in.  in  diameter, 
carried  down  to  rock  or  hard  pan  at  an  average  depth  of  about  40  ft. 
The  columns  and  cross  girders,  together  with  the  abutments,  carry 
a  solid  deck  of  reinforced  concrete  slabs  covering  the  entire  space 
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between  right  of  way  lines.  The  floor  slabs,  as  already  described, 
are  built  in  units,  about  7  ft.  wide,  which  are  placed  side  by  side 
with  the  joints  caulked  to  prevent  leakage.  Upon  this  floor  of  con- 
crete slabs,  ballasted  tracks  are  placed.  This  type  of  construction 
is  much  cheaper  than  an  all-steel  structure  and  permits  the  tracks 
to  be  placed  in  any  position  desired,  or  to  be  shifted  at  any  time. 
Trains  passing  over  these  bridges  make  no  more  noise  than  on  an 
earth  fill. 


THE  ROTARY  CONVERTER  SUB-STATION. 
Presented  before  the  Electrical  Section,  Dec.  21,   igo6. 

R.    F.    SCHUCHARDT,    M.    W.    S.    E. 

In  a  system  of  electrical  distribution  using  a  pressure  of  230 
volts  the  economical  limit  of  transmission  is  less  than  one  mile 
where  the  load  is  dense  and  less  than  one  and  one-half  miles  with 
a  scattered  load,  this  limit  being  fixed  by  the  amount  and,  therefore, 
the  cost  of  copper  necessary  in  the  feeders  to  keep  the  loss  from 
becoi^iing  excessive.  When  the  territory  served  by  the  central  sta- 
tion grows  beyond  this  limit  it  becomes  necessary  either  to  in- 
crease the  voltage  or  to  add  new  stations. 

The  operation  of  many,  steam  stations  in  various  parts  of  the  city 
is  not  conducive  to  high  economy.  Therefore  an  increase  in  voltage 
is  resorted  to  in  serving  the  larger  territory.  This  is  accomplished 
by  a  system  of  transmitting  current  at  a  high  voltage  from  the  main 
station  to  sub-stations  located  outside  of  the  230  volt,  limit,  in  which 
sub-stations  the  voltage  is  then  stepped  djowri  to  the  distribution 
pressure.  There  is  no  definite  relation  necessary  between  the  trans- 
mission and  the  distribution  voltages,  therefore  any  system  of  trans- 
mission can  be  adopted  without  regard  to  the  distribution  voltage. 

In  1891  the  celebrated  line  from  Laufifen  to  Frankfort-on-the- 
^lain  in  Germany,  a  distance  of  no  miles,  proved  the  feasibility  and 
practicability  of  high  voltage  transmission  by  means  of  a  three 
phase  alternating  current  system.  The  dynamo  in  this  instance 
was  star  connected  and  generated  a  pressure  of  about  50  volts  star. 
This  pressure  was  stepped  up  to  8000  volts  delta  and  transmitted 
to  the  Frankfort  Exposition  where  it  was  again  stepped  down  to 
50  volts..  The  three  phase  system,  thus  proven,  was  rapidly  adopted 
in  all  parts  of  the  engineering  world  and  many  poly-phase  trans- 
mission plants  were  installed.  In  America  and  in  some  European 
countries  where  this  system  is  used  to  feed  direct  current  districts 
the  link  between  the  alternating  transmission  current  and  the  dis- 
tributed current  is  the  rotary  converter. 

Here  in  Chicago  we  have  an  excellent  example  of  such  a  com- 
bined system  where  three  phase  currents  at  9000  volts  are  generated 
in  two  steam  stations  and  transmitted  to  rotary  converter  sub-sta- 
tions scattered  throughout  the  direct  current  districts  and  on  the 
various  railway  systems  of  the  city.  How  important  a  part  of  the 
entire  system  these  sub-stations  have  become  is  well  illustrated  by 
their  rapid  growth,  as  shown  in  Fig.  i,  which  is  a  curve  of  the 
increase  in  converter  capacity  during  the  past  ten  years. 

The  initial  three-phase  transmission  system  in  this  city  con- 
sisted   of    a    2250    volt,    25    cycle    line    o])erating    from    an    in- 
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verted  rotary  and  step  up  transformers  at  the  Harrison  Street 
Station  and  feeding  two  lOO  k  w.  115  volt  rotary  converters  at 
the  27th  Street  substation.  Such  was  the  humble  beginning  of  the 
verv  extensive  system  of  high  tension  transmission  lines  and  sub- 
stations, which  at  four  times  the  initial  pressure  of  2250  volts,  is 
now  in  operation  in  Chicago.  Fig.  2  is  a  map  showing  the  present 
lines,  stations  and  sub-stations.  The  total  length  of  these  present 
transmission  lines  is  approximately  240  miles. 

I  shall  not  attempt  to  discuss  the  design  of  sub-stations  but  rather 
to  take  them  as  we  find  them  here  in  Chicago  and  describe  briefly 
the  essential  parts  and  the  manner  of  using  these  parts  in  order  to 
get  from  them  efificientlv  the  desired  results. 
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EXPLANATION 

GENERATING  STATIONS 

•  SUBSTATIONS  DISTRIBUTING  DI- 
RECT CURRENT 

®  SUB  STATIONS  DISTRIBUTING  DI- 
RECT CURRENT  AND  SUBSIDI- 
ARY STEAM  PLANT. 

■  SUB  STATION  S  DISTRIBUTING  AL 
TERNATINC  CURRENT. 

®  SUB  STATIONS  DISTRIBUTING  AL- 
TERNATING CURRENT  AND  SUB 
SIDIARY  STEAM  Pl>NT. 


Fig.    2. 
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In  Fig.  3  is  a  diagram  showing  the  path  of  the  current  in  the 
sub-station  from'  the  incoming  a.  c.  Hnes  to  the  outgoing  d.  c.  feed- 
ers. Tlie  three-phase  currents  from  the  generating  station  enter 
over  the  high  tension  three-conductor  lead  covered  cable,  which 
ends  at  the  line  switch,  where  the  conductors  connect  with  the  bus 
and  then,  through  another  switch  with  the  step  down  transformer 
of  a  converter.  From  the  transformer  secondary  the  currents,  now 
six  phase  and  at  reduced  voltage,  pass  into  the  induction  regulator 
which  boosts  or  lowers  the  voltage  as  the  load  conditions  require ; 
thence  they  enter  the  rotary  converter  proper  where  the  conversion 
to  direct  current  takes  place.  From  the  d.  c.  brushes  at  the  con- 
verter commutator  the  current  is  led  to  the  direct  current  bus  bars 
and  then  out  into  the  system  over  the  feeders.  In  addition  to  the 
parts  just  enumerated  there  are  the  pressure  and  current  trans- 
formers, the  meters,  relays,  etc.,  the  purpose  of  all  of  which  will 
appear  later. 

To  take  up  the  detailed  description  of  the  apparatus  we  begin 
where  the  current  enters  at  the  cable.  In  Fig.  4  is  shown  at  (A) 
a  sectional  view  of  the  cable  bell  where  the  lead  sheath  ends.  The 
purpose  of  the  bell  is  two-fold ;  first,  to  provide  a  receptacle   for 
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insulating  compound  at  the  point  where  the  conductors  are  spread 
and  part  company,  each  going  to  its  proper  compartment  in  the 
switch  ;  and  second,  to  flare  out  the  metal  sheath  at  its  terminus 
so  no  sharp  ends  are  left  near  the  conductors  for  the  static  charge 
to  accumulate  and  discharge  and  thus  ultimately  break  down  the 
insulation  at  this  point.  On  the  upper  part  of  the  conductors 
themselves  the  paper  insulation  is  replaced  by  many  wrappings  of 
linotape. 

In  (B)  of  Fig.  4  is  seen  one  of  the  three  compartments  of  the 
oil  switch.  The  well  to  the  right  is  shown  in  section.  The  incoming 
conductor  is  connected  to  the  bottom  of  the  switch  at  one  side, 
the  outgoing  conductor  to  the  bottom  at  the  other  side.  When  the 
switch  is  open  the  circuit  is  broken  in  the  two  oil  wells  in  series. 
The  removable  blades  at  the  base  of  the  switch  provide  means  for 
entirely  disconnecting  the  oil  wells  from  either  side. 

The  current  transformer  is  another  piece  of  apparatus  of  which 
the  outside  is  more  familiar  to  us  than  the  inside.  Fig.  4  C  is  a 
sectional  view  of  such  a  transformer. 

Before  going  further  in  this  description  I  shall  spend  a  few 
minutes  in  attempting  to  explain  vector  diagrams,  because  the 
principle  of  operation  of  the  apparatus  can  be  much  more  easily 
understood  by  referring  to  such  diagrams. 

VECTOR   DIAGRAMS. 

The  word  vector  is  derived  from  the  Latin  vectum,  to  carry. 
Webster  defines  it  as  "A  directed  quantity,  as  a  straight  line,  a 
force  or  a  velocity.  X'ectors  are  said  to  be  equal  when  their  di- 
rections are  the  same  and  their  magnitudes  equal.  (Note)  In  a 
triangle  either  side  is  the  rector  sum  of  the  other  two  sides  taken 
in  proper  order ;  the  process  of  finding  the  vector  sum  of  two  or 
more  vectors  is  vector  addition." 

In  alternating  current  discussion,  we  use  vectors  to  denote  the 
intensity  or  quantity  of  pressure  or  of  current  or  of  any  other  elec- 
trical dimension  such  as  resistance,  impedance,  condensance,  etc., 
and  also  the  direction  of  these  intensities  or  quantities  with  respect 
to  some  reference  direction.  The  horizontal  line  is  usually  taken 
as  the  reference  line,  the  direction  toward  the  right  being  con- 
sidered the  starting  point  or  zero  time.  As  time  progresses  the 
vector  swings  around  (the  counter  clockwise  rotation  being  the 
one  usually  used)  and  when  it  has  completed  an  entire  revo- 
lution it  has  passed  through  one  cycle  or  360°.  The  instan- 
taneous values  of  the  intensities  are  the  projections  of  the  vectors 
on  a  vertical  line.  Thus  at  an  angle  of  90°  the  intensity  is  at  a 
positive  maximum  and  at  270°  it  is  at  a  negative  maximum,  while 
at  0°  and  at  180°  it  is  zero,  the  variation  following  the  law  of 
harmonic  motion.  By  referring  to  a  complete  cycle  of  a  sine  wave 
(curve  of  harmonic  motion)  this  is  readily  seen  to  be  the  case. 
The  angle  thus   represents   the  time  which   has   elapsed   from  the 
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instant  represented  by  the  reference  line.  If  a  vector  of  pressure  in 
a  25  cycle  circuit  is  shown  as  having  moved  through  an  angle  of 
45^  this  represents  an  actual  time  interval  of  %  of  1/25  or  1/200 
of  a  second,  each  complete  cycle  consiuning  1/25  second  of  time. 

In  a  three  phase  system  we  have  three  separate  pressures  fol- 
lowing each  other  by  one-third  of  a  cycle  or  120°.  That  is,  their 
phase  difference  is   120°. 

Xow  let  us  see  the  application  of  this  to  our  subject.  In  Fig. 
5  (a)  we  see  the  coils  of  a  three-phase  transformer  (or  three 
single  transformers  on  a  three-phase  system)  and  their  vectors 
of    pressure.      The    secondary    pressure    of    a    transformer    is    ap- 
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proximately  1 80°  in  phase  relation  to  the  primary  pressure.  The 
delta  of  primary  pressures  represents  the  relative  phase  of  these 
pressures  as  they  come  from  the  generator.  In  the  secondaries 
we  have  six  coils  and,  therefore,  six  pressures,  the  vectors  of  which 
are  shown  in  Fig.  5  (b).  The  waves  of  these  pressures  are  given 
in  Fig.  5  (c).  These  pressures  can  be  combined  in  any  manner 
that  we  choose.  In  the  earlier  units,  where  three  single-phase 
transformers  were  installed  the  so-called  "double  delta"  combina- 
tion, shown  in  Fig.  5  (d)  was  used,  each  secondary  coil  being 
wound  for  170  volts  (for  a  250  volt  d.  c.  converter).  In  the  three- 
phase  transformer  the  "diametric"  connection  is  usual.  In  this 
case  the  middle  points  of  each  secondary  pair  are  brought  together 
and  connected  through  a  switch  to  the  neutral  of  the  three  wire 
system.  Such  a  unit  is  thus  also  a  balancer.  In  the  diametric 
connection  each  coil  is  wound  for  93  volts,  the  diametric  coil  being 
two  in  series  or  186  volts.  In  both  of  the  above  the  secondaries 
form  a  six  phase  connection. 

TRANSFORMER. 

In  the  three-phase  transformer,  of  which  a  section  of  the  core 
is  shown  in  Fig.  6  (a),  the  connections  of  the  middle  coil  are  re- 
versed with  respect  to  the  other  two.  The  reason  for  this  becomes 
apparent  when  we  consider  the  vectors  of  current  and  magneto 
motive  force  (m.  m.  f.).  The  magneto  motive  force  (that  is  the 
magnetic  pressure)  is  90°  in  phase  behind  the  current  which  pro- 
duces it.  In  6  (b)  are  shown  the  vectors  of  the  currents  and 
m.  m.  f.  with  B  not  reversed.  Referring  to  6  (a)  the  double 
shaded  portion  of  the  core  between  coils  A  and  B  has  a  magnetiza- 
tion due  to  coils  A  and  B,  i.  e.,  its  magnetic  motive  force  is  the 
resultant  of  the  m.  m.  fs.  of  A  and  B.  In  5  (c)  the  m.  m.  fs.  of 
A  and  B  are  shown  combined,  the  resultant  being  1.732  times  as 
great  as  either  A  or  B.  The  same  holds  for  B  and  C.  By  re- 
versing B  coil,  and  thus  its  m.  m.  f.,  the  resultant  magnetic  density 
will  be  the  same  in  all  branches  of  the  core  as  shown  in  6  (d). 

It  may  be  of  interest  to  know  that  in  our  standard  iioo  kw. 
three-phase  transformers  there  are  386  turns  in  each  phase  of  the 
primary  and  8  turns  in  each  phase  of  the  secondary. 

REGULATOR. 

We  next  come  to  the  regulator.  This  is  in  effect  a  six-phase 
transformer  in  which  the  phase  of  the  secondary  pressure  can  be 
varied  through  180°,  that  is,  from  the  position  in  phase  with  the 
pressure  from  the  transformer  secondaries,  which  is  maximum 
boost,  to  that  directly  opposite,  which  is  maximum  choke.  To  il- 
lustrate the  action  of  the  regulator  let  us  take  a  core  and  wind  on 
it  three  coils  placed  120°  from  each  other.  We  will  connect  these 
thr^e  coils  to  the  wires  of  a  three-phase  system  so  the  three  pres- 
sures or  currents  or  magnetizations  can  be   represented  by  three 
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waves  as  in  Fig.  5  (c).  By  following  these  waves  we  note  that 
when  one  is  at  a  maximum  in  the  positive  direction  the  other  two 
are  both  negative,  one  is  increasing  and  the  other  decreasing.  One- 
third  cycle  later  the  second  wave  reaches  its  positive  maximum  and 
then  the  third  and  so  on.  As  a  result,  the  magnetizations  set  up 
by  these  separate  currents,  follow  each  other  around  the  core  so 
we  have  a  constant  rotating  magnetic  field  and  not  an  alternating 
field  as  in  a  single  phase  transformer.  The  induced  secondary  pres- 
sures in  the  regulator  are  thus  practically  constant  and  are  not  af- 
fected in  amount  by  the  movement  of  the  primary.  Their  phase 
however,  is  affected  by  the  position  of  the  primary  and  this  is. 
what  determines  the  amount  of  the  boost  or  the  choke.  This  is 
illustrated  in  Fig.  7  (a)  where  O  S  represents  the  secondary  pres- 
sure of  the  transformer,  S  R  the  secondary  pressure  of  the  regu- 
lator and  O  R  the  resultant  pressure  impressed  on  the  converter. 
Fig.  7  (b)  shows  the  vectors  of  these  pressures  for  all  six  phases,^ 
the  regulator  being  shown  as  choking.  The  range  of  the  regulation 
in  a.  c.  six-phase  pressure  is  from  9  to  12  volts.  The  movement 
of  the  primary  is  effected  by  means  of  a  small  motor  which  is 
geared  to  a  quadrant  fastened  to  the  shaft  of  the  primary.  It  is; 
by  thus  varying  the  a.  c.  voltage  at  the  converter  itself  that  the  d.  c. 
pressure  and  the  division  of  load  is  regulated  (Fig.  15.) 
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ROTARY    CONVERTER. 

I  Now  we  have  come  to  the  rotary  converter  itself.  This  is  merely 
a  d.  c.  generator  with  taps  brought  out  from  equidistant  points  on 
the  armature  winding  and  connected  to  collector  rings  to  make  it 
also  an  alternator.  It  can  be  used  as  a.  c.  synchronous  motor,  as 
d.  c.  shunt  motor  or  as  a  d.  c.  or  an  a.  c.  generator.  When  used 
as  a  combined  a.  c.  motor  and  d.  c.  generator,  that  is,  as  a  rotary 
converter,  it  is  capable  of  a  considerably  greater  output  than 
when  operated  as  any  of  the  above  alone.  This  is  due  to  the  fact 
that  much  of  the  current  in  going  from  the  a.  c.  brushes  to  the 
d.  c.  brushes  does  not  pass  through  all  of  the  armature  conductors 
as  the  path  is  more  direct  during  the  greater  part  of  each  revolu- 
tion. 

The  rating  of  the  converter  based  on  heating  is  given  by  Stein- 
metz  as  follows : 

D.  C.  generator i.oo 

Three-phase   converter    1.31 

Six-phase  converter 1.94 

That  is,  when  used  as  a  six-phase  converter  the  capacity  of  the 
machine  is  nearly  double  that  when  used  as  a  d.  c.  generator. 

The  theoretical  ratios  of  a.  c.  to  d.  c.  pressures  in  a  converter  are 
as  follows : 

Diametric  to  d.  c 7'^-7% 

Three-phase  to  d.  c 61.2% 

Six-phase  to  d.  c 35-4% 

These  ratios  are  based  on  sine  waves  which  are  rarely  obtained 
in  practice.  The  actual  ratio  is  somewhat  larger,  due  to  wave 
shape,  to  armature  losses,  etc.,    (Fig.   17.) 

A  field  "break-up"  switch  is  provided  whereby  the  field  circuit 
can  be  opened  at  several  points  in  series,  leaving  comparatively  few 
poles  connected  to  each  other.  The  purpose  of  this  is  to  prevent 
the  induced  voltages  in  the  field  circuit  from  becoming  too  high 
(many  spools  added  in  series)  when  the  unit  is  started  from  the 
a.  c.  side.  The  switch  is  double  throw  to  provide  means  for  rapidly 
correcting  the  polarity  should  it  come  up  reversed  when  so  started. 
Frequently  damping  coils  or  grids  are  placed  on  the  field  poles  to 
lessen  the  tendency  toward  hunting.  These  coils  also  add  to  the 
stability  of  the  converter  during  disturbances  on  the  system.  An 
end  play  device  is  provided  to  move  the  armature  latterly  at  regu- 
lar intervals  in  order  to  equalize  the  wear  of  the  brushes  on  the 
commutator  and  the  collector  rings,  particularly  the  latter  as  the 
a.  c  brushes  are  of  copper. 

METERS,    INDICATORS,    ETC. 

Referring  to  Fig.  8,  we  see  the  connections  and  interconnections 
of  the  parts  just  described  and  of  the  meters,  relays,  etc.  The  a.  c. 
meters,  which  measure  the  9000  volt  energy,  are  not  directly  con- 
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nected  to  the  high  tension  conthictors.  Such  connection  would 
require  very  expensive  and  difficult  construction.  Therefore  a  po- 
tential transformer  is  used  to  step  down  the  pressure  and  a  current 
transformer  for  obtaining  the  meter  current  entirely  insulated  from 
the  high  tension  conductor.  In  principle  these  transformers  are  the 
same,  the  difference  between  the  two  being  one  of  design  to  con- 
form to  the  dift'erent  conditions.  The  pressure  transformer  is  con- 
nected in  shunt  across  the  line  while  the  current  transformer  is 
connected  in  series,  as  is  shown  in  the  diagram.  The  watt-hour 
meter  is  connected  so  as  to  receive  current  from  one  of  the  phases 
and  pressure  betw^een  that  same  phase  and  a  point  midway  between 
the  other  two  phases.  With  a  balanced  load  such  as  a  rotary  con- 
verter the  meter  will  with  this  connection  register  one-half  the 
total  three-phase  energy.  The  unit  is  also  provided  with  a  power 
factor  indicator,  so  the  operator  can  know-  when  his  apparatus  is 
operating  at  the  highest  efficiency  with  regard  to  current  input. 
This  indicator  is  very  interesting  and  it  will  be  worth  while  to 
study  the  principle  on  which  it  operates. 


V''  "^^-/^ 


Fig.  9 


In  a  balanced  three-phase  system  we  have  pressures  as  repre- 
sented by  the  delta  A  B  C,  Fig.  9,  the  phase  of  the  corresponding 
currents  at  unity  power  factor  being  shown  by  the  lines  a  b  c.  A 
one-phase  wattmeter  connected  with  its  current  coil  in  b  and  taking 
pressure  from  A  B  would  have  a  torque. represented  by  A  B-b  cos.  a 
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If  taking  pressure  from  B  C  instead  of  A  B  the  torque  would  be 
B  Cb  cos  p  .  \\'ith  a  lagging  current,  the  angle  o  will  decrease 
and  angle  ^  will  increase  b}'  an  amount  represented  by  ;  cos  a 
will  thus  increase  while  cos  /3  decreases.  By  taking  a  wattmeter 
provided  with  two  pressure  coils  connected  respectively  to  A  B  and 
B  C  while  the  current  coil  is  on  b  phase,  and  by  arranging  these 
two  pressure  coils  to  give  torque  to  the  moving  element  each  in  an 
opposite  direction  we  have  a  power  factor  indicator.  At  unity 
power  factor  A  B.b  cos  <t>  equals  B  Cb  cos  /S  so  each  pressure 
coil  will  exert  an  equal  torque  and  the  needle  will  stand  in  the 
center  of  the  scale.  As  the  phase  of  the  current  is  changed,  either 
leading  or  lagging,  one  of  the  torques  decreases  while  the  other  in- 
creases and  the  needle  is  thus  moved  to  one  side  or  other  by  an 
amount  depending  on  the  angle  of  lead  or  lag. 

The  synchronism  indicator,  frequently  termed  synchronizer,  is 
another  piece  of  apparatus  which  is  far  more  simple  than  is  gen- 
erally thought.  Let  us  take  two  coils  having  the  same  axis,  one 
of  these  coils  fixed  and  the  other  movable  about  its  axis.  If  now 
we  connect  these  coils  in  series  so  the  phase  of  the  current  in 
each  will  be  the  same,  the  movable  coil  will  place  itself  in  the  plane 
of  the  fixed  coil.  If  the  current  is  reversed  in  one  of  the  coils  the 
movable  coil  will  swing  around  and  place  itself  at  i8o°  from  the 
first  position.  Instead  of  reversing  the  current,  that  is,  changing 
it  in  phase  by  i8o°  let  us  change  the  phase  of  one  of  the  currents 
by  90°.  The  coils  will  then  set  themselves  at  right  angles  to  each 
other,  midwa\-  between  the  first  and  second  position.  In  this 
position  there  is  of  course  no  torque  between  the  two  coils.  Now 
add  a  second  coil  fixed  to  the  movable  coil  and  at  right  angles  to  it. 
Connect  these  two  coils  in  parallel  on  the  same  circuit  but  insert 
in  series  with  one  of  then  a  non-inductive  resistance  and  in  series 
with  the  other  a  high  reactance.  The  currents  in  these  two  coils 
will  then  have  a  phase  difference  of  approximately  90°.  With  these 
two  coils  swinging  within  the  fixed  coil  there  will  thus  be  no  posi- 
tion of  zero  torque  for  the  system,  as  one  coil  will  have  maximum 
torque  when  the  torque  due  to  the  other  is  at  zero.  The  angular 
position  of  the  movable  coils,  or  armature  of  the  synchronism  indi- 
cator, will  thus  always  correspond  to  the  angular  displacement  of 
the  pressures  of  two  systems  one  of  which  is  connected  to  the  fixed 
or  field  coil  and  the  other  to  the  armature  coils.  A  pointer  is 
fastened  to  the  armature  and  indicates  the  phase  relation  between 
pressures  that  are  being  compared. 

The  d.  c.  ammeters,  as  is  shown  in  Fig.  8  and  Fig.  10,  do  not 
have  the-  entire  current  pass  through  them.  They  are  really  milli- 
voltmeters  based"  on  Ohm's  law.  They  measure  the  milli-volts  drop 
across  a  certain  section  of  the  cable  through  which  the  current 
passes,  this  drop  varying  directly  with  the  current.  To  compensate 
for  changing  resistance  of  the  copper  cable  at  different  tempera- 
tuers  a  copper  compensating  coil  is  inserted  in  series  with  the  meter 
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circuit.  This  coil  is  closely  wrapped  around  the  cable  so  that  both 
will  be  at  the  same  temperature.  An  increase  in  cable  resistance 
due  to  heat  will  thus  cause  a  corresponding  increase  in  the  com- 
pensating coil  resistance.  By  making  the  resistance  of  this  coil 
large,  compared  with  the  meter  resistance,  the  heating  error  can  be 
made  negligibly  small.  Often  the  compensating  coil  is  made  in 
sections  placed  at  different  parts  along  the  cable  so  as  to  get  the 
proper  correction  for  the  mean  temperature  of  the  cable. 

PROTECTIVE   DEV^ICES. 

The  automatic  protective  devices  consist  of  an  overload  circuit 
breaker  on  the  a.  c.  side  and  of  reverse  current  relays  and  speed 
limit  device  operating  on  d.  c.  circuit  breakers.     There  is  also  an 
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overload  circuit  breaker  in  the  d.  c.  starting  circuit.  The  a.  c.  over- 
load relay  acts  directly  on  the  high  tension  oil  switch  and  is  pro- 
vided with  an  inverse  time  element  of  the  bellows  type.  The  con- 
nections of  the  d.  c.  protective  devices  are  shown  in  Fig.  lo.  The 
speed  limit  device  is  an  ordinary  centrifugal  switch  which  closes 
the  tripping  circuit  at  a  predetermined  excessive  speed.  The  re- 
verse current  relay  is  actuated  by  current  over  the  ammeter  leads, 
its  circuit  being  closed  when  the  ammeter  needle  is  deflected  to  the 
end  of  the  scale  in  the  reverse  direction  as  shown.  The  connections 
are  such  that  when  the  contact  is  made,  due  to  reverse  current,  the 
current  flowing  through  the  meter  coil  will  be  in  a  direction  to 
increase  the  pressure  on  the  contact.  The  reverse  scale  is  generally 
from  25  to  50%  of  the  rated  load  of  the  unit. 

As  the  capacity  of  the  electrical  apparatus  is  limited  by  its  heat- 
ing, any  arrangement  which  will  keep  the  apparatus  cool  will  add 
to  its  capacity,  or,  for  the  same  output  the  apparatus  can  be  de- 
signed with  less  generous  proportions  and,  therefore,  be  built 
considerably  cheaper  if  designed  to  operate  in  connection  with  a 
cooling  device.  For  this  purpose  a  motor  driven  blower  is  in- 
stalled to  furnish  a  supph'  of  cool  air  which  is  blown  through  the 
apparatus  and  thus  carries  off  much  of  the  heat.  The  energy  re- 
quired for  this  purpose  averages  about  3  H.  P.  per  sub-station 
unit,  the  air  pressure  approximating  one  ounce.  The  difference  in 
blower  capacity  required  for  a  500  kw.  unit  and  a  1000  kw.  unit 
is  small.  The  energy  is  thus  approximately  o.i  and  0.2  per  cent 
respectively  of  the  rated  capacity  of  the  two  units. 

It  is  thought  that  a  table  of  some  of  the  dimeubions  may  prove 
of  interest  and  it  is  given  in  Fig.   11. 

RAILWAY   SUB-STATION. 

We  next  come  to  the  railway  sub-stations.  Fig.  12  is  a  diagram 
of  the  connections  of  a  G.  E.  railway  converter.  The  secondary 
coils  of  the  step-down  transformers  of  this  unit  have  taps  for  one- 
third  and  two-thirds  of  full  pressure,  these  being  for  the  purpose 
of  starting  the  converter  from  the  a.  c.  side,  as  shown  by  the  two 
three-pole  double-throw  switches.  The  protective  devices  shown 
consist  of  an  a.  c.  overload  coil  and  an  overload  and  speed  limit 
circuit  breaker  on  the  d.  c.  side.  It  is  good  practice  to  install  also 
a  reverse  current  relay  connected  to  the  d.  c.  circuit  breaker  when 
the  converter  is  operating  in  parallel  with  a  storage  battery.  The 
diagram  shows  no  voltage  regulator  such  as  is  installed  with  the 
converters  first  described.  Instead,  reactive  coils  are  provided,  the 
purpose  of  which  will  be  explained  later. 

STARTING. 

In  Fig.  13  connections  are  shown  for  starting  rotary  converters, 
the  upper  diagram  for  d.  c.  starting  and  the  lower  for  a.  c.  starting. 
The  d.  c.  arrangement  varies  somewhat  in  the  different  sub-stations. 
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WIRING  DIAGRAM  OF 
G.  E.  RAILWAY  ROTARY  CONVERTER 
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Xew  installations  will  be  connected  with  fields  self-excited  as  shown 
in  Fig.  14.  Starting  from  the  d.  c.  side  is  accomplished  in  the 
same  manner  as  for  any  shunt  motor,  by  means  of  the  starting  box 
shown  in  the  diagram.  Connection  to  the  starting  bus  is  made 
through  a  removable  blade,  this  blade  being  common  for  all  units 
and  only  one  provided  for  each  sub-station.  This  prevents  the 
liability  of  short  circuits  being  accidentally  made  through  the  start- 
ing bus.  Only  one  unit  can  thus  be  started  from  the  d.  c.  side  at 
a  time.  The  regulator  and  transformer  secondaries  are  of  course 
connected  during  starting  and  this  results  in  diverting  some  of  the 
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starting  current  from  many  of  the  armature  turns.  The  distribu- 
tion of  the  current  in  the  armature  is  thus  not  balanced  and  fre- 
quently it  happens  that  the  magnetic  action  between  a  strong  field 
and  the  magnetically  unbalanced  armature  holds  the  armature  sta- 
tionary. The  field  must  then  be  weakened  before  the  armature  will 
rotate.  The  a.  c.  starting  is  done  by  means  of  a  lower  starting  pres- 
sure, this  being  obtained  by  a  half  voltage  tap  ^s  shown.  The 
unit  acts  as  a  hysteresis  motor  when  started  from  the  a.  c.  side. 
The  purpose  of  the  field  break-up  switch  in  connection  with  a.  c. 
starting  has  been  mentioned  before.  The  neutral  connection  to  the 
middle  points  of  the  transformer  secondaries  can  be  seen  in  this 
diagram  (Fig.  13). 

The  current  required  to  start  a  500  kw.  unit  from  the  d.  c.  side 
is  about  650  amperes  at  240  volts  and  about  850  amperes  for  the 
I  GOG  kw.  unit.  When  started  from  the  a.  c.  side  the  500  kw.  unit 
takes  from  35  to  70  amperes,  depending  on  the  position  of  the 
regulator,  while  the  1000  kw.  unit  takes  from  65  to  85  amperes. 
The  smaller  unit  will  come  to  synchronous  speed  in  8  to  12  seconds 
while  the  larger  one  requires  12  to  18  seconds.  The  time  necessary 
for  putting  a  unit  on  the  system  from  rest,  varies  from  one  to 
four  minutes,  depending  on  the  travel  of  the  regulator  quadrant 
which  is  required.  The  500  kw.  unit  can  be  started  from  the  d.  c. 
side  with  30  volts  pressure  while  the  1000  kw.  unit  will  start  with 
20  volts  applied. 

In  starting  a  General  Electric  railway  converter  it  is  usual  to 
start  first  from  the  d.  c.  side.  When  nearly  up  to  speed  the  d.  c. 
switches  are  opened  and  the  a.  c.  oil  switch  is  closed,  the  rotary 
connections  being  on  the  one-third  tap.  The  field  switch  is  then 
closed  and  polarity  noted.  If  this  is  correct  the  a.  c.  starting  con- 
nections are  thrown  over  to  the  two-third  tap  and  a  few  seconds 
later  to  the  "full"  tap.  If  the  polarity  comes  up  reversed  it  is 
corrected  while  on  the  one-third  tap.  This  is  done  as  follows : 
The  field  break-up  switch  is  first  reversed.  The  armature  will  then 
slowly  slip  back  from  synchronous  speed,  the  d.  c.  voltmeter  show- 
ing the  progress.  When  the  meter  needle  has  passed  zero  it  will 
come  up  in  the  proper  direction.  The  field  break-up  switch  is  then 
thrown  back  into  its  normal  position  and  the  polarity  will  remain 
correct.  If  the  connections  permit  closing  the  field  on  the  d.  c.  bus 
the  polarity  can  be  corrected  immediately  by  switching  the  field 
on  the  bus.  This  operation  will  cause  a  slight  jolt  on  the  system. 
The  Westinghouse  rotaries  are  started  differently.  They  are  pro- 
vided with  an  induction  motor  on  an  extension  of  the  shaft.  This 
motor  has  less  poles  than  the  converter  and  is  thus  capable  of  a 
higher  speed.  Ily  means  of  an  inductance  connected  as  load  between 
two  of  the  three-phase  rotary  leads  (the  field  being  closed)  the 
speed  can  be  lowered.  By  opening  and  closing  this  load  circuit 
the  converter  can  be  brought  to  synchronous  speed  and  in  phase 
with  the  line. 
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CONTROL   OF   LOAD, 

The  control  of  the  load  and  voltage  of  the  Edison  system  con- 
verters is  accomplished  by  means  of  the  induction  regulator  as 
already  described.  In  Fig.  15  are  shown  curves  of  the  regulator 
range  and  the  effect  on  the  range  of  varying  field  excitation.  The 
upper  curves  show  that  the  field  strength  has  a  very  limited  effect 
on  the  regulation.  The  influence  of  leading  and  lagging  current 
on  the  conversion  ratio  is  shown  in  Fig.  17.  As  already  noted, 
the  railwav  converters  have  no  induction  regulator.     In  them  the 
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regulation  is  effected  by  a  comparatively  high  reactance  in  the  a.  c. 
circuit  together  with  a  compound  winding  on  the  field  coils.  The 
Westinghouse  transformers  are  designed  with  a  high  reactive  con- 
stant while  the  General  Electric  units  are  provided  with  a  separate 
three-phase  reactance  coil.  Reference  to  Fig.  i8  will  help  explain 
this  automatic  regulation.  With  the  current  in  the  regulator  (I.) 
at  unity  power  factor,  the  reactive  e.  m.  f.  (Ei)  in  the  coils  is  at 
right  angles  to  the  impressed  pressure,  for  the  e.  m.  f.  of  self- 
induction  lags  90°  behind  the  current.  The  resultant  pressure 
(O  El)  is  thus  slightly  greater  than  the  impressed  pressure.  Due 
to  the  compound  winding  on  the  field,  an  increased  load  will  cause 
the  current  to  become  leading  (I3)  thus  swinging  the  reactive 
e.  m,  f.  in  a  direction  so  the  resultant  with  the  impressed  e.  m.  f. 
will  increase  the  converter  pressure  (OE3).  A  lagging  current, 
due  to  underexcited  field,  will  similarlv  decrease  the  converter  e. 
m.  f.  (O  E,). 

Curves  of  efficiency  and  analysis  of  losses  are  given  in  Fig.  19. 
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They  show  a  maximum  efficiency  for  this  500  kw.  unit  of  89.8% 
at  about  three-quarters  load.  The  high  loss  curve  for  the  brushes, 
which  includes  the  contact,  shows  the  importance  of  using  good 
brushes.  The  limit  of  capacity  when  operating  on  one  side  of  the 
three  wire  system,  i.  c,  as  a  simple  balancer,  is  set  by  sparking  at 
the  brushes  at  about  rated  full  load  current. 

A  few  illustrations  are  added  to  show  typical  installations  of  the 
kind  described.  Fig.  20  is  of  the  front  of  a  switchboard  of  fairly 
modern  construction.  The  clips  for  the  starting  blade  and  the 
blade   itself   are   plainly   shown.      Two   switches   are   connected   in 
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parallel  on  each  polarity,  each  being  double  throw  so  they  can  be 
connected  to  the  main  or  to  the  auxiliary  bus. 

The  most  recent  construction  of  d.  c.  bus  bars  is  illustrated  in 
Fig.  21,  the  bars  being  laid  horizontally.  The  increased  space  and 
accessibility  that  this  gives  to  the  connections  can  be  appreciated 
by  comparing  with  the  right  hand  end  of  Fig.  22  where  the  older 
type  of  construction  with  vertical  bars  is  shown. 

In  Fig.  23  is  shown  an  installation  in  a  basement  with  compara- 
tively low  ceiling.  These  are  all  500  kw.  converters.  It  may  be 
of  interest  to  note  that  vertical  rotary  converters  are  being  devel- 
oped which  will  permit  the  installation  of  1000  kw.  units  with  this 
same  limited  head  room.  Fig.  24  shows  an  installation  of  1000 
kw.  units  in  a  downtown  basement,  and  in  Fig.  25  are  shown 
similar  units  in  a  sub-station  built  for  the  purpose. 

In  the  middle  of  Fig.  26  is  a  2000  kw.  unit.  The  picture  was 
taken  before  the  operator's  platform  was  erected  on  the  converter. 

A  1200  kw.  G.  E.  railway  converter  is  the  subject  of  Fig.  27^ 
while  Fig.  28  shows  a  Westinghouse  railway  converter  installation. 
In  these  latter  the  induction  motor  for  starting  can  be  seen. 

There  are  a  number  of  other  points  which  I  had  hoped  to  touch 
on,  such  as  the  storage  battery  as  an  adjunct  to  the  rotary  con- 
verter sub-station,  a  comparison  of  our  installations  with  those  in 
other  countries  and  other  cities,  the  question  of  station  economy, 
of  the  rotary  efificiency  versus  brush  economy,  the  periodic  inspec- 
tion of  apparatus,  the  renewal  of  oil  in  oil  switches,  emergency 
operating,  etc.,  but  time  does  not  permit. 
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Fig.  27. 


Fig.  28. 
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DISCUSSION. 

Mr.  E.  F.  Smith,  m.w.s.e.  :  I  have  listened  with  great  interest 
to  all  that  the  speaker  of  the  evening  has  said,  and  I  feel  that  we 
are  greatly  indebted  to  him  for  having  given  us  an  excellent  address 
on  an  important  subject.  There  is  only  one  fault  to  find,  and  that 
is  one  creditable  to  the  speaker.  He  has  so  thoroughlv  covered 
the  subjects  of  the  underlying  theory  of  operation  and  construc- 
tional details  of  rotary-converter  sub-stations  that  there  is  little 
left  to  be  said  by  those  of  us  who  had  intended  discussing  it.  How- 
ever, there  are  some  practical  points  which  have  not  been  touched 
upon,  a  few^  of  which  may  be  of  interest  to  operating  men. 

In  connection  with  the  maintenance  of  such  sub-stations  there 
are  the  subjects  of  brush  economy,  care  and  maintenance  of  com- 
mutators and  collector  rings,  oil  economy,  maintenance  of  bearings, 
maintenance  and  care  of  blower  and  air  cleaning  equipment,  care 
and  maintenance  of  transformers  and  regulators,  etc.  In  connection 
w'ith  the  practical  operation  of  such  sub-stations  the  following 
points  might  be  considered :  Importance  of  accurate  synchronizing, 
proper  procedure  to  be  followed  in  the  regular  shutting  down  of 
converters,  procedure  in  starting  up  after  a  partial  or  general  in- 
terruption of  the  9000  volt  system,  etc.  I  shall  refer  briefly  to 
each  of  these  points. 

The  question  of  brush  economy  is  one  of  extreme  importance, 
especially  when  considered  in  connection  with  the  operation  of  a 
large  system,  such  as  that  of  the  Chicago  Edison  and  Common- 
Avealth  Electric  companies,  of  this  city.  In  these  systems  there  are 
in  operation  about  70  rotary-converters,  and  when  we  consider  that 
the  cost  of  a  complete  set  of  brushes  for  a  rotary-converter  ranges 
from  $40.00  for  a  500  kw.  machine  to  $180.00  for  a  2000  kw.  ma- 
chine, which  means  that  the  cost  of  brushes  only,  of  the  converters 
in  operation  in  the  system  mentioned,  is  slightly  in  excess  of  $4,- 
000.00,  it  will  be  readily  seen  that  brush  economy  is  quite  an  im- 
portant subject. 

This  matter  has  been  given  a  good  deal  of  careful  study,  and 
by  careful  attention  to  systematic  maintenance  of  brushes,  com- 
mutators, and  collector  rings,  tlie  life  of  a  set  of  d.  c.  brushes  has 
been  increased  until  it  is  from  four  to  five  years  at  the  present 
time.  This  figure  includes  wearing  out  and  destruction  of  brushes 
from  all  causes,  including  the  wear  on  commutator,  sanding,  crack- 
ing due  to  vibrations,  explosions  due  to  rapid  expansion,  and  burn- 
ing off  of  pigtails  or  unsweating  of  pigtail  caps  due  to  poor  contact 
or  defective  distribution  of  load  between  brushes. 

Considering  wear  and  loss  due  to  sanding  only,  the  life  of  a  d.  c. 
brush  is  equivalent  to  about  eight  years,  and  considering  wear 
only,  the  life  would  be  about  ten  years  for  an  a.  c.  copper  brush 
and  twenty  years  for  a  carbon  brush.  It  will  thus  be  seen  that, 
considering  twenty  years  as  the  maximum  possible  life  and   four 
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years  as  the  actual  life  obtained  in  practice,  that  the  percentage  of 
life  in  the  Edison  and  Commonwealth  systems  is  about  25%.  This 
is  considered  to  be  comparatively  high. 

There  are  430  brushes  on  a  2000  kw.  machine  and  112  on  a 
500  kw.  machine,  necessitating  constant  care  and  attention  in  order 
to  keep  them  in  prime  condition.  The  matter  of  properly  setting 
the  brushes  is  of  the  utmost  importance.  The  brush  holder  studs 
on  the  d.  c.  side  should  be  accurately  and  equally  spaced  all  around 
the  commutator,  and  a  line  of  brushes  of  a  given  polarity  across 
the  commutator  should  be  absolutely  parallel  with  the  commutator 
bars.  The  positive  brushes  on  the  alternate  positive  studs  should 
be  staggered  with  reference  to  each  other,  so  as  to  cover  the  entire 
commutator  surface,  instead  of  allowing  the  brushes  of  a  given 
polarity  to  track  and  form  grooves.  This  is  especially  important 
since  it  is  found  in  practice  that  the  passage  of  heavy  currents 
from  the  commutator  to  the  surface  of  the  positive  brushes  removes 
copper  from  the  commutator  and  deposits  it  on  the  faces  of  the 
brushes;  and  if  all  of  the  positive  brushes  are  tracking  or  in  line 
around  the  commutator,  a  series  of  grooves  will  soon  be  formed 
under  each  of  the  rows  of  positive  brushes.  This  action  is  avoided 
if  the  setting  referred  to  is  adopted. 

Experience  indicates  that  a  carbon  brush  tension  of  about  1.33 
lb.  per  sq.  in.  gives  most  satisfactory  service  and  contributes  to 
the  life  of  the  brush  and  commutator.  The  copper  brushes  on  the 
a.  c.  side  give  very  satisfactory  results  when  the  tension  per  sq.  in. 
of  contact  is  from  1.5  lb.  with  a  500  kw.  to  2  lb.  with  a  1000  or 
2000  kw.  unit. 

The  current  density  in  the  contact  surface  of  the  rotary-con- 
verter brushes  in  use  in  the  system  referred  to,  ranges  from  27.6 
amperes  per  sq.  in.  for  a  500  kw.  rotary  to  33.3  amperes  per  sq.  in. 
for  a  2000  kw.  rotary  on  the  d.  c.  end,  and  from  50  to  57  amperes 
per  sq.  in.  for  the  laminated  copper  brushes  on  the  a.  c.  end.  The 
equivalent  of  at  least  one  complete  row  of  carbon  brushes  are 
treated  with  dynamo  oil  and  distributed  in  the  brush  holders  about 
the  commutator  in  such  a  manner  as  to  bear  on  the  entire  com- 
mutator surface.  This  is  for  the  purpose  of  effectively  lubricating 
the  commutator,  thereby  reducing  friction  and  noise  in  operation. 
The  method  of  treatment  consists  in  immersing  the  carbon  brushes 
in  boiling  oil  for  a  period  of  about  an  hour,  after  which  they  are 
removed  and  dried  at  a  temperature  of  200°  F.  or  300°  F.  for  a 
period  of  half  an  hour  or  more.  The  commutator  surface  is  fre- 
quently wiped  with  a  clean  piece  of  cheesecloth,  and  when  the 
machine  is  about  to  be  shut  down  and  is  well  heated  up,  a  piece 
of  cheesecloth  bearing  a  trace  of  oil  is  wiped  across  the  commutator, 
with  a  clean,  dry  piece  of  cheesecloth  bearing  upon  the  commutator,. 
surface  immediatey  back  of  the  oiled  cloth.  This  method  of  mainte- 
nance will  keep  the  commutator  and  brush  surfaces  in  good  condi- 
tion. 
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The  a.  c.  brushes  are  staggered  on  the  ring,  so  as  to  get  an 
even  wear,  and  it  is  found  with  good  care  that  it  is  not  necessary 
to  retrim  them  or  seriously  disturb  their  adjustment  more  frequently 
than  about  once  a  year.  They  are  then  properly  trimmed  and  beveled 
and  replaced  on  the  machine.  A  very  light  application  of  vaseline 
or  machine  oil  from  time  to  time,  while  the  machine  is  in  operation, 
will  efifectively  prevent  cutting  of  the  ring  or  excessive  wear  on 
the  copper  brushes.  This  treatment  will  preserve  the  commutator 
and  collector  rings  in  good  condition,  requiring  the  turning  down 
of  the  collectors  at  intervals  of  about  five  3-ears,  and  turning  of 
the  d.  c.  commutators  at  intervals  of  from  five  to  ten  years.  As 
the  cost  of  turning  down  commutators  and  collector  rings  ranges 
from  $58.00  for  a  500  kw.  machine  to  $140.00  for  a  2000  kw.  ma- 
chine, it  will  readily  be  seen  that  there  is  room  for  substantial 
saving  by  the  proper  care  of  these  parts. 

In  conection  with  oil  economy,  statistics  show  that  the  average 
consumption  of  oil  for  each  machine  in  the  system  during  the  past 
year  has  been  3.2  gallons.  This  is  equivalent  to  a  life  of  four  years 
for  the  oil.  The  method  of  caring  for  bearings  and  economizing 
in  oil  is  about  as  follows : 

The  temperature  of  the  bearings  is  verv  closely  observed  with 
reference  to  the  temperature  of  the  surrounding  air,  and  in  all 
cases  where  the  rise  in  temperature  exceeds  15°  C.  the  oil  is  prompt- 
ly filtered  and  replaced  in  the  bearings.  This  will  usually  result  in 
lowering  the  temperature.  If  the  temperature  still  remains  high, 
the  cause  is  further  investigated  and  removed. 

The  average  rise  in  temperature  of  all  bearings  in  the  Edison 
and  Commonwealth  systems  at  the  present  time  is  approximately 
14°  C,  the  minimum  being  about  7°  C.  A  portable  filter  is  used 
for  the  purpose  of  filtering  the  oil,  and  is  sent  from  one  sub-station 
to  another  as  required. 

It  is  extremely  important  that  the  condition  of  the  blower  equip- 
ment for  the  air  blast  transformers  and  regulators,  be  properly 
maintained  at  all  times,  as  the  shutting  down  of  the  blower  would 
seriously  affect  the  operation  of  the  converter  units  at  times  of 
heavy  load,  and  on  account  of  the  serious  overheating  of  trans- 
formers and  regulators  which  would  follow,  it  would  soon  become 
necessary  to  shut  down  the  main  units  if  the  air  blast  were  not 
restored. 

The  screens  used  for  cleaning  the  air  are  regularly  inspected 
and  washed  and  blown  out,  and  the  ventilating  ducts  of  the  trans- 
formers and  regulators  are  thoroughly  blown  out  and  cleaned  from 
once  to  twice  a  week. 

In  connection  with  the  operation  of  such  sub-stations,  accurate 
synchronizing  is  about  the  most  important  specific  operation  re- 
quired to  be  performed  there.  Any  serious  inaccuracy  in  perform- 
ing this  operation  will  result  in  fracturing  the  castings  of  the  po- 
tential  regulator,  or  if  there  is  no  regulator  used   in  connection 
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with  the  unit,  the  armature  conductors  of  the  converter  are  Hkely 
to  be  drawn  out  of  their  slots  or  the  transformer  structure  seriously 
strained. 

In  connection  with  the  regular  shutting  down  of  rotary-con- 
verters which  are  normall}'  started  from  the  d.  c.  end,  it  is  extremely 
important  that  the  field  circuit  of  the  converter  should  be  left 
closed  until  the  machine  stops  rotating.  This  is  necessary  in  order 
to  thoroughly  demagnetize  the  transformer  cores,  and  is  particular- 
ly true  in  connection  with  diametrically  connected  units. 

It  will  be  seen  that  under  certain  conditions  the  converter  may 
stop  with  the  d.  c.  brushes  resting  on  the  commutator  bars,  which 
are  connected  to  the  same  armature  conductors  to  which  the  col- 
lector rings  are  connected,  which  are  in  turn  connected  to  the 
terminals  of  a  given  transformer  coil,  thus  placing  this  transformer 
coil  in  shunt  circuit  with  the  armature  windings  of  the  converter. 
If  this  transformer  coil  has  been  previously  demagnetized,  its  im- 
pedence  will  be  sufficient,  upon  throwing  the  starting  current  into 
the  armature  of  the  converter,  to  prevent  an  undue  amount  of 
current  from  passing  through  the  transformer  instead  of  through 
the  armature  of  the  converter,  and  the  machine  will  start.  How- 
ever, if  the  transformer  had  not  been  previously  demagnetized  and 
the  field  circuit  had  been  opened  at  a  time  when  the  magnetization 
of  the  transformer  coil  was  at  a  maximum,  in  the  same  direction 
as  would  be  caused  by  the  passage  of  the  starting  current  through 
the  transformer  coil,  then  there  would  be  practically  no  impedence, 
and  the  practical  equivalent  of  a  short  circuit  would  be  connected 
to  the  d.  c.  brushes  of  the  converter,  thus  rendering  it  impossible 
to  start  the  machine.  In  this  case  the  brushes  should  be  lifted  from 
the  a.  c.  rings,  and  the  transformer  momentarily  connected  to  the 
high  tension  line,  thus  changing  its  magnetic  state  to  a  more  favor- 
able condition. 

In  connection  with  starting  up  the  system  after  a  general  shut- 
down, if  the  shut-down  has  been  of  such  long  duration  as  to  result 
in  fully  discharging  the  storage  batteries,  thereby  leaving  many  of 
the  sub-stations  without  an  adequate  source  of  supply  for  starting 
from  the  d.  c.  end  in  the  regular  way,  the  procedure  employed  in 
some  of  the  large  systems  is  to  start  a  large  group  of  converters 
from  a  turbine  or  prime  mover  from  rest,  with  low  frequency,  low 
voltage,  multi-phase  currents.  The  field  circuits  and  d.  c.  switches 
of  the  converters  are  left  open,  and  the  unit  is  connected  on  the 
a.  c.  side  only.  A  d.  c.  voltmeter  is  connected  to  the  d.  c.  terminals 
of  the  machine,  and  as  soon  as  the  turbine  begins  to  slowly  rotate, 
slight  vibrations  of  the  voltmeter  needle  will  be  observed.  This 
action  will  continue,  gradually  increasing  in  amplitude,  until  the 
rotary  begins  to  turn.  After  the  converter  has  made  a  few  complete 
revolutions  the  voltmeter  needle  will  have  discontinued  vibrating, 
and  if  the  field  circuit  has  not  been  closed  at  the  proper  instant, 
will  have  taken  up  a  fixed  position  either  above  or  below  zero, 
indicating  correct  or  incorrect  polarity.     The  field  circuit  should 
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"be  closed  as  the  needle  is  swinging  past  zero  in  the  direction  of 
correct  polarity,  thus  locking  the  converter  into  synchronism  with 
the  generator  and  insuring  correct  polarity  if  the  operator  is  skillful 
in  performing  the  operation. 

The  power  factor  is  adjusted  to  unity  by  means  of  the  field 
rheostat,  and  as  soon  as  the  converter  potential  is  equal  to  the 
system  potential,  the  d.  c.  switches  of  the  converters  are  closed  and 
other  converters  are  started  from  the  d.  c.  side.  They  are  then 
synchronized  with  the  low  voltage,  low  frequency  line,  and  other 
generators  are  synchronized  under  similar  conditions  at  the  power 
house.  Another  stage  of  acceleration  then  takes  place,  and  this 
action  is  repeated  until  the  entire  system  load  has  been  raised  to 
the  normal  d.  c.  potential. 

In  our  operating  practice  covering  this  emergency  procedure, 
machines  of  a  rated  capacity  of  ii,ooo  kw.  have  been  thus  started 
from  rest,  and  machines  of  additional  capacity  of  7,500  kw.  were 
immediately  started,  receiving  direct  current  from  them,  after 
which  they  were  synchronized  with  the  low  voltage,  low  frequencv 
lines.  Additional  machines  of  a  rated  capacity  of  11,500  kw.  were 
thrown  onto  the  line  merely  as  a  drag,  making  a  total  of  30,000 
kw.  connected  to  one  turbine  when  the  final  stage  of  acceleration 
was  started.  As  the  turbine  used  was  one  of  the  older  units,  it 
is  believed  that  with  a  new  unit  of  greater  capacity  a  much  larger 
load  could  be  brought  up  from  rest. 

In  some  of  these  trials,  the  time  required  to  perform  all  opera- 
tions from  the  time  the  converter  started  turning  until  the  second 
converter  had  been  started  with  d.  c.  received  from  the  first,  and 
synchronized  and  cut  in  with  the  low  voltage,  low  frequency  line, 
was  as  low  as  30  sec. ;  the  average  time,  however,  is  considerably 
higher. 

The  time  required  to  start  machines  from  d.  c.  end  under  regular 
conditions  ranges  from  about  51  sec.  for  a  500  kw.  machine  to 
about  I  min.  and  30  sec.  with  a  1000  kw.  machine,  not  including 
time  required  for  regulator  operation.  It  is  not  often  necessary 
to  operate  the  regulator  after  a  shut-down,  but  in  case  it  should 
become  so,  under  extreme  conditions  necessitating  running  from 
the  neutral  point,  the  time  for  a  500  kw.  machine  would  be  about 
I  min.  and  50  sec,  and  for  a  1000  kw.  converter  about  2  min.  and 
2/   sec. 

Mr.  C.  A.  S.  Hoz^'lctt.  m.w.s.e.  :  I  would  ask  i\Ir.  Smith  if  he 
will  advise  us  what  kind  of  brush  he  used. 

Mr.  Smith :  The  Chicago  Edison  and  Commonwealth  Electric 
companies  experimented  with  various  brushes,  without  getting  very 
satisfactory  results.  The  One  used  at  present  is  the  standard  pigtail 
carbon  brush,  made  by  the  General  Electric  Co.  We  have  trouble 
occasionally  from  the  brush  splitting,  and  frequently  have  cases 
where  the  distribution  of  load  between  the  brushes  is  not  perfect, 
thereby  increasing  the  density  in  others,  especially  in  the  old  type. 
In  the  new  type  there  is  an  expanded  thimble  and  the  pigtail  is 
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connected  to  that  part.  They  have  not  been  in  use  long  enough 
to  enable  us  to  form  a  thoroughly  good  idea  of  their  comparative 
merits. 

Mr.  J.  R.  Crarath,  m.w.s.e.  :  I  would  ask  what  progress  has  been 
made  with  the  vertical  shaft  converter  in  this  country? 

Mr.  P.  Junkersfeld,  m.w.s.e.  :  Thus  far  none  of  those  machines 
have  been  completed.  There  are  a  number  that  will  be  delivered 
in  the  next  six  months.  Briefly,  the  design  of  the  vertical  rotary 
converter,  contrary  to  our  ordinary  conception  of  a  vertical  unit, 
is  so  arranged  that  the  shaft  does  not  revolve.  In  a  vertical  turbine 
the  shaft  revolves  but  in  these  vertical  rotaries  the  shaft  is  sta- 
tionary and  is  of  considerable  diameter. 

There  are  two  particular  advantages  expected  from  these  rotanes. 
One  is  that  they  are  accessible.  You  probably  noticed  in  the  view 
of  the  2000  kw.  36  pole  horizontal  rotary  that  it  was  very  high, 
requiring  a  man  to  go  up  on  steps  to  get  at  the  upper  brushes ;  and 
to  get  at  the  lower  brushes  he  has  to  get  down  into  the  pit,  which 
is  very  inaccessible.  The  second  advantage  is  that,  for  the  same 
output  the  weight  will  be  considerably  less  and  hence  should  be 
somewhat  cheaper.  In  the  2,000  kw.  unit  under  construction  the 
weight  will  be  about  25  per  cent,  less  than  the  weight  of  the  2,000 
kw.  machine  shown  on  the  screen  tonight. 

Mr.  Hozi'Iett:  I  would  ask  Mr.  Junkersfeld  if  he  can  give  us 
any  indication  of  what  the  ultimate  outcome  will  be  in  this  city? 

Mr.  Junkersfeld:  The  curve  you  saw  showed  an  unusual  recent 
increase,  due  to  an  enormous  growth  of  the  street  railroad  business. 
Of  course  there  is  not  enough  railroad  business  in  Chicago  to 
continue  growing  at  that  rate.  I  might  say,  however,  that  inde- 
pendent of  this  railway  business,  the  central  station  business  down 
town  has  increased  at  the  rate  of  about  25  per  cent,  per  year,  but 
it  will  be  some  time  yet  before  all  the  basements  are  filled  up. 
About  half  of  the  present  light  and  power  demand  is  supplied  from 
those  rotary  converters,  and  the  rest  is  supplied  by  isolated  plants. 
Only  part  of  the  rotary  converters  are  located  in  basements,  the 
remainder  are  in  permanent  sub-station  buildings. 

Mr.  Roper :  A\^ith  reference  to  the  ultimate  situation,  the  distribu- 
tion in  the  down  town  district  indicates  that  in  the  future  one  sub- 
station will  be  able  to  supply  all  of  the  demand  within  the  radius 
of  a  block  or  a  block  and  a  half,  so  we  will  only  have  to  have 
rotary  sub-stations  on  every  other  corner. 

Mr.  Ernest  Lunn:  The  storage  battery  is  necessary  for  the  safety 
of  a  rotarv  converter  system,  as  it  is  the  only  stand-by  capacity 
that  a  rotary  converter  system  has.  The  batteries  are  connected 
to  the  d.  c.  bus  at  all  times  ready  to  help  out  whenever  needed. 
There  is  no  law  governing  the  proper  ratio  of  storage  battery 
capacity  to  generating  capacity,  for  that  is  usually  governed  by 
local  conditions,  and  also  by  the  availability  of  sites  suitable  for 
batterv  sub-stations. 


THE  DEVELOPMENT  AND  OPERATION  OF  A  LARGE  ELECTRIC  TRANSMISSION 
AND  CONVERSION  SYSTEM. 

Ernest  F.  Smith,  m.w.s.e. 

Presented  before  the  Electrical  Section  January  ii    ipoy. 

As  the  great  systems  of  the  Chicago  Edison  and  Commonwealth 
Electric  companies  are  thoroughly  representative  of  the  best  modern 
practice  in  the  large  American  cities  of  to-day.  these  systems  will  be 
particularly  referred  to  as  a  basis  of  this  discussion. 

During  the  comparatively  brief  period  of  less  than  two  decades 
the  maximum  load  has  increased  from  313  kw.  to  72,600  kw.,  and 
during  the  same  period  the  connected  load,  expressed  in  equivalent 
16  c.  p.  incandescent  lamps,  has  increased  from  20,000  in  1888 
to  3,700,000  in  December,  1906. 

Eighteen  years  ago  one  small  steam  plant  was  employed  in  car- 
rying the  maximum  load  of  300  kw.,  whereas  at  the  present  time 
neither  that  plant  nor  any  of  the  several  small  steam  plants  subse- 
quently installed,  is  in  operation,  but  practically  the  entire  load, 
ranging  from  60,000  to  70,000  kw.,  is  carried  by  two  large  plants, 
one  of  which  was  first  put  in  commercial  operation  only  three  years 
ago  and  is  now  carrying  54.OCO  kw.,  or  jy  per  cent  of  the  entire 
load  of  both  systems. 

The  system  of  the  early  days  comprised  a  low-tension,  three- 
wire  "Edison  Tube"  underground  network,  receiving  energy 
through  underground  tube  feeders  directly  from  the  bus  bars  of 
the  several  small  steam  plants,  which  were  operated  in  parallel 
through  the  network  of  underground  mains.  There  was  also  a 
large  number  of  d.  c.  series  arc  and  single-phase  high  frequency 
a.  c.  and  500-volt  d.  c.  power  circuits,  supplied  by  numerous 
small  belted  units  ranging  in  capacity  from  12  to  90  kw.  The 
greater  part  of  the  energy  supplied  to  the  low-tension,  three-wire 
system  was  generated  at  the  old  "Adams  Street  station"  at  139 
Adams  street  by  means  of  a  large  number  of  small  Edison  bi-polar 
dynamos  belted  to  high  speed  engines,  located  on  the  floor  below 
the  generators.  The  high-tension  load  was  carried  at  the  "Wash- 
ington Street  station"  at  Washington  street  and  the  Chicago  river, 
the  engines  being  on  the  first  floor,  driving  by  rope  transmission 
three  jack  shafts  on  the  third  floor,  to  which  were  belted  a  great 
number  of  small  dynamos  located  on  the  second  floor.  The  in- 
candescent lighting  and  power  loads  in  the  outlying  districts,  be- 
yond the  economical  range  of  the  three-wire,  low-tension  system  of 
distribution,  were  supplied  from  this  station  through  the  125-cycle, 
1000- volt  and  the  500-volt  d.  c.  power  circuits,  respecti\-ely. 

In  1894,  or  about  six  years  after  the  first  generating  station  at 
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139  Adams  street  was  put  into  commercial  operation,  the  maximum 
load  had  increased  to  5,700  k\v.,  and  the.  station  had  outlived  its 
period  of  usefulness.  It  had  become  obsolete  and  seriously  over- 
loaded, and  as  there  was  no  available  space  for  further  extensions,  a 
large  modern  central  station  was  built  on  the  west  bank  of  the 
Chicago  river  at  Harrison  street.-  The  equipment  in  this  plant  con- 
sisted of  ten  vertical  triple-expansion  "Southwark"  engines  direct- 
ly connected  to  twenty  multi-polar  General  Electric  150-volt  gene- 
rators ;  each  engine  driving  a  generator  on  each  end  of  its  shaft. 
Twelve  of  these  generators  were  of  400  kw.  capacity  each,  and  the 
remaining  eight  were  each  of  half  that  capacity.  The  two  gene- 
rators of  each  unit  were  connected  in  series,  with  a  neutral  tap  be- 
tween the  machines,  to  provide  for  operation  in  the  well  known 
manner  on  the  three-wire  system.  This  station  began  operation 
in  1894,  and  the  Adams  Street  station  was  shut  down  and  dis- 
mantled. 

As  the  site  of  the  Adams  Street  station  was  retained  for  the 
center  of  distribution  for  the  down-town  network,  a  mammoth 
underground  trunk  line,  66,000.000  circ.  mils  in  cross  sectional 
area  and  3,400  ft.  in  length,  was  installed  between  the  new  Harri- 
son street  generating  station  and  the  distributing  center,  at  139 
Adams  street.  This  center  of  distribution  was  located  in  the  base- 
ment and  constituted  the  first  sub-station  in  the  system.  The  twentjr 
d.  c.  generators  at  the  Harrison  Street  station  delivered  their  out- 
put to  the  main  bus  bars  in  the  Adams  Street  sub-station  through 
the  trunk  line  just  referred  to,  and  from  these  bus  bars  low-tension 
direct  current  was  supplied  to  a  large  number  of  three-wire  D.  C. 
underground  feeders,  radiating  in  all  directions  and  feeding  into 
various  points  of  the  underground  three-wire  network  through 
Edison  junction  boxes  at  the  street  intersections.  These  feeders 
were,  of  course,  provided  with  switches,  ammeters,  etc.,  in  the  sub- 
station, and  ranged  in  size  from  150,000  to  750,000  circ.  mils  for  the 
positive  and  negative  conductors  and  about  one-third  the  section 
of  the  outers  for  the  neutral  conductor.  They  were  of  the  Edison 
Tube  type,  and  all  of  the  larger  sizes  are  still  in  service.  The 
underground  mains  and  services  were  also  of  Edison  Tube  at  that 
time. 

In  1 89 1  a  small  generating  station  was  built  at  Twenty-seventh 
street  and  Wabash  avenue  to  supply  low-tension  direct  current  to 
the  South  Side  three-wire  underground  system.  A  small  series-arc 
load  was  also  carried  by  this  station  for  a  few  years.  Two  years 
later  a  small  modern  low-tension  station  was  put  in  service  at  North 
Clark  and  Oak  streets,  for  the  purpose  of  feeding  the  north  side 
underground  three-wire  system.  There  were  four  generating  units 
in  this  station,  each  consisting  of  a  vertical,  cross-compound,  non- 
condensing  "Lake  Erie"  engine  directly  connected  to  two  75  kw., 
150-volt  d.  c.  generators.  At  about  this  time  submarine .  cables 
were  laid  across  the  bed  of  the  river  at  Fifth  avenue,  Clark  and 
State   streets,   connecting   the   north   side   and   down-town   systems 
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together,  thus  rendering  the  low-tension  underground  system  one 
vast  interconnected  network,  extending  from  North  avenue,  on  the 
north,  to  Thirty-ninth  street,  on  the  south.  Subsequently  this  sys- 
tem was  extended  to  the  west  side,  and  some  of  the  small  high- 
tension  machines  at  Washington  street  were  replaced  by  belt-driven, 
pi-polar,  Edison  low-tension  d.  c.  generators.  There  were  then 
four  widely  separated  d.  c.  generating  stations,  with  numerous 
units  operating  in  parallel  in  each,  and  all  working  together  in 
multiple,  directly  feeding  the  one  system  of  interconnected  under- 
ground low-tension  mains. 

Soon  the  low-tension  underground  system  was  extended  into  the 
territory  supplied  by  the  5CO-volt  power,  the  series-arc,  and  the 
looo-volt  125-cycle  circuits  from  Washington  Street  station,  and  all 
of  the  500-volt  customers  were  then  changed  over  to  the  new  sys- 
tem. All  old  open  series-arc  lamps  within  the  territory  of  the  new 
system  were  also  exchanged  for  low-tension  multiple  lamps.  This 
resulted  in  throwing  out  of  service  many  of  the  old  high-tension 
machines,  and  modern  direct-connected  low-tension  D.  C.  generat- 
ing sets  were  installed  in  their  stead  at  the  \\^ashington  Street  sta- 
tion. It  was  not  possible  to  economically  reach  the  distant  out- 
lying high-tension  load,  however,  with  the  existing  system  of  dis- 
tribution of  low-tension  direct  current  supplied  direct  by  the  gene- 
rating stations.  The  load  on  the  latter  system  continued  to  grow 
rapidly,  and  the  territory  to  be  supplied  quickly  expanded  during 
the  three  years  succeeding  the  starting  of  the  new  Harrison  Street 
station,  which  was  at  that  time  the  largest  and  finest  central  station 
west  of  Xew  York. 

The  maximum  load  increased  to  8,800  kw.  in  1897,  and  it  had 
become  apparent  that  the  system  of  direct  distribution  from  the 
d.  c.  generating  stations  was  entirely  inadequate  to  economically 
provide  for  future  development.  This  year  (1897)  marked  the 
dawn  of  the  most  important  epoch  in  the  history  of  the  development 
of  the  great  systems  under  discussion,  as  the  rotary-conz'crter  was 
produced  at  about  this  critical  time,  and  the  first  machines  were 
installed  and  put  into  operation  here  in  Chicago  during  that  year. 

The  essential  purpose  of  the  converters  is  to  enable  the  use  of 
high-tension,  alternating,  multi-phase  currents,  for  economical 
transmission  of  energy,  from  the  generating  stations  to  the  distant 
centers  of  d.  c.  distribution.  As  the  radius  of  economical  distri- 
bution by  the  old  direct  method  was  scarcely  more  than  two-thirds 
of  a  mile,  and  as  the  d.  c.  system  had  grown  to  a  length  of  approx- 
imately six  miles,  with  a  breadth  of  about  one  mile,  it  will  readily  be 
seen  that  the  continued  use  of  the  old  system  of  distribution  would 
have  necessitated  the  installation  of  numerous  small  generating  sta- 
tions throughout  the  territory  served  by  the  three-wire  d.  c.  sys- 
tem. The  operation  of  these  numerous  small  plants  would  have 
involved  great  loss  of  efficiency  in  the  generation  of  energy  as 
compared  with  the  high  economy  now  realized  by  the  centralization 
of  power  generation,  with  very  large  units  in  essentially  one  mam- 
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moth  power  house,  which  has  been  rendered  practicable  only 
through  the  use  of  the  rotary-converter  and  the  motor-generator. 

Of  equal  importance,  from  a  financial  view  point,  is  the  great 
saving  in  investment  per  kw.  of  capacity  in  favor  of  the  modern 
system.  The  inception  of  the  modern  system  in  Chicago,  as  already 
stated,  occurred  in  1897,  when  three  rotary-converters  were  first 
put  into  commercial  service.  The  parent  machines  consisted  of 
two  3-phase,  100  kw.,  125-volt  and  one  3-phase,  250  kw.,  250- volt 
converters,  and,  after  some  preliminary  trials,  they  were  adapted 
to  the  existing  low-tension  d.  c.  three-wire  system  in  the  following 
manner : 

The  rotary-converter,  consists  essentially  of  a  d.  c.  generator 
with  equidistant  taps  taken  out  of  the  armature  winding  from  the 
end  opposite  the  commutator,  and  connected  to  the  collector  or  slip 
rings  mounted  on  the  shaft.  Single-phase  converters  have  two 
such  taps ;  three-phase,  three  taps ;  and  six-phase,  six  taps  per 
pair  of  poles.  If  the  commutator  end  of  the  converter  be  sup- 
plied wdth  direct  current,  the  machine  will  operate  in  the  same 
manner  as  any  ordinary  d.  c.  motor ;  and  if  a  pulley  were  provided 
upon  the  shaft,  the  machine  could  be  satisfactorily  used  as  a  d.  c. 
motor.  On  the  other  hand,  if  the  collector  rings  of  the  machine  be 
properly  fed  with  alternating  currents  of  the  frequency,  voltage, 
and  phase  for  which  it  is  designed,  it  will  operate  as  a  synchronous 
a.  c.  motor  and  will  satisfactorily  drive  a  mechanical  load  as  such. 
Again,  if  a  prime  mover  or  any  primary  source  of  mechanical  power 
be  connected  to  a  converter  and  the  latter  be  driven  by  the  same, 
the  converter  will  generate  and  deliver  both  direct  and  alternating 
currents  simultaneously  at  the  d.  c  and  a.  c.  brushes,  respectively. 
The  full  rated  output  as  a  generator  may  be  taken  either  as  direct 
or  alternating  current,  or  any  proportion  of  either  may  be  taken 
from  the  machine  so  long  as  its  total  capacity  rating,  expressed  in 
amperes,  when  operating  as  a  generator,  is  not  exceeded.  When 
operated  as  a  generator,  however,  the  rated  load  for  a  given  temper- 
ature rise  is  considerably  less  than  when  the  same  niachine  is  oper- 
ated as  a  converter,  by  reason'  of  the  fact  that  the  current  in  the 
armature,  w^hen  operating  as  a  generator,  must  flow  through  the 
entire  armature  winding,  whereas  when  operating  as  a  converter, 
part  of  the  current  from  the  source  of  supply,  passes  into  the  arma- 
ture at  one  end  and  directly  out  through  the  nearest  tap  at  the 
other  end. 

As  a  rotary-converter  the  machine  may  be  operated  directly  or 
inverted,  i.  e.,  if  alternating  current  be  supplied  to  the  collector 
rings,  direct  current  will  be  delivered  at  the  d.  c.  brushes,  and  vice 
versa,  if  direct  current  be  supplied  to  the  d.  c.  brushes,  the  con- 
verter will  deliver  alternating  current  at  the  collector  rings.  Herein 
lies  the  essential  feature  of  the  performance  of  a  rotary-converter, 
which  enables  it  to  bridge  the  gap  between  an  alternating  current 
and  a  direct  current  system. 

The  limited  raditis  of  economical  transmission  bv  the  low-tension 
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multiple  (1.  c.  system  already  referred  to  results,  of  course,  from 
the  following  conditions : 

The  transmission  voltage  being  only  250  volts,  approximately, 
the  current  in  amperes  for  a  given  kw.  load  is  comparatively  large, 
and  as  the  allowable  loss  in  d.  c.  voltage  at  sav  10  per  cent,  is  only 
25  volts,  the  necessary  size  or  cross-sectional  area  and  consequent 
weight  of  the  feeder  increases  very  rapidly  and  soon  becomes  pro- 
hibitive in  cost  for  large  loads,  distributed  over  very  limited  areas. 
Hence  it  becomes  necessary  to  utilize  high  pressures  and  corre- 
spondingly low  currents  for  the  purpose  of  economically  transmit- 
ting large  quantities  of  energy  from  the  power  house  to  the  distant 
centers  of  low-tension  distribution. 

On  account  of  the  great  facility  and  efficiency  with  which  alter- 
nating currents  may  be  transformed  from  a  low  to  a  high  potential, 
and  z'ice  versa,  this  form  of  electrical  energy  is  far  better  adapted 
to  transmission  purposes  than  is  high-tension  direct  current,  and  the 
alternating  current  is,  therefore,  universally  used  in  connection  with 
long  transmissions.  Furthermore,  3-phase  alternating  currents  are 
used  in  preference  to  single-phase  current,  as  a  given  amount  of 
power  can  be  transmitted  a  given  distance  at  a  given  transmission 
voltage  with  25  per  cent,  less  copper,  and  this  saving  represents 
thousands  of  dollars  in  a  large  transmission  system. 

As  a  rough  example  of  the  saving  which  may  be  effected  in  cop- 
per by  the  use  of  a  3-phase.  9000-volt  alternating  current  transmis- 
sion system  as  compared  with  a  3-wire,  125-250  volt  direct  trans- 
mission to  distant  local  centers  of  d.  c.  distribution,  it  is  interest- 
ing to  note  that,  with  an  average  length  of  transmission  line  of  four 
miles  and  a  transmission  of  75,000  kw.  delivered  at  5  per  cent, 
line  loss  and  unity  power  factor,  the  amount  of  current  per  phase 
would  be  approximately  5.350  amperes  and  the  weight  of  copper 
would  be  approximately  22;^  tons.  The  corresponding  figures  with 
the  low-tension  3-wire  system,  with  one-third  section  for  neutral 
conductor,  would  be  333,300  amperes  per  side,  requiring  448,351 
tons  of  copper.  Hence  the  weight  and  cost  of  the  copper  would 
be  2,010  times  as  great  with  the  latter  system,  and  at  20  cents  a 
pound  the  extra  cost  of  copper  would  amount  to  $179,250,000.  Of 
course,  the  four-mile  low-tension  feeders  would  not  be  used,  but 
the  necessity  of  installing  numerous  small  steam  plants  throughout 
the  d.  c.  system,  in  order  to  shorten  the  d.  c.  feeders,  would  involve 
excessive  costs  both  in  investment  for  equipment,  buildings,  etc..  and 
in  operating  expenses. 

Thus  we  see  clearly  the  great  advantages  possessed  by  the  3- 
phase  high  tension  a.  c.  system  of  transmission. 

As  a  rotary-converter  will  operate  inverted,  it  may  be  used  to 
supply  an  a.  c.  transmission  line  through  step-up  transformers  if 
its  d.  c.  leads  be  connected  to  a  suitable  source  of  direct  current. 
At  the  other  end  of  the  transmission  line  one  or  more  converters 
may  be  supjilied  with  alternating  current  through  step-down  static 
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transformers  and  potential  regulators,  and  the  converter  will  deliver 
low-tension  direct  current. 

It  was  in  this  manner  that  the  first  converters  already  referred 
to  were  put  in  operation  in  Chicago.  The  250  kw.  converter  was 
supplied  with  direct  current  from  the  main  bus  in  the  Harrison 
street  generating  station,  and  the  low^-tension  25-cycle,  3-phase 
alternating  current  delivered  by  the  converter  was  passed  through 
a  potential  regulator  to  the  primary  coils  of  three  delta-connected 
static  transformers.  By  means  of  these  transformers  the  potential 
was  raised  to  about  2,250  volts,  and  the  3-phase  currents  were 
transmitted  through  a  3-conductor  Xo.  o  underground  cable  to  the 
station  at  Twenty-seventh  street  and  Wabash  avenue,  a  distance  of 
about  three  miles.  At  this  station  the  high  tension  current  was 
passed  through  three  delta-connected  transformers,  which  reduced 
the  potential  to  approximately  85  volts  between  phases  and  delivered 
3-phase,  25-cycle  current  through  potential  regulators  to  each  of 
the  100  kw.  converters.  These  converters  delivered  direct  current 
at  approximately  125  volts,  and  as  they  were  connected  in  series 
with  the  neutral  lead  tapped  to  the  series  connection,  their  output 
was  available  for  supplying  the  existing  125-250  volt,  3-wire  d.  c. 
system.  Thus  the  250  kw.  inverted  converter  in  the  Harrison  Street 
station  became  the  father  of  the  great  transmission  and  conversion 
system  of  to-day,  and  it  is  an  interesting  fact  that  this  old  obsolete 
machine  is  still  hard  at  work  in  the  Twenty-first  street  sub-station, 
operating  in  parallel  with  two  modern  G-phase  converters,  deliver- 
ing direct  current  to  an  important  part  of  the  south  side  system. 

The  new  system  immediately  demonstrated  its  efficiency  and 
adaptability  to  existing  conditions,  and  was  rapidly  extended. 
However,  as  there  are  various  hazards  and  objectionable  features 
associated  wdth  the  operation  of  inverted  rotary-converters,  it  soon 
became  necessary  to  provide  additional  capacity  in  a  more  reliable 
and  economical  form  for  the  purpose  of  supplying  the  A.  C.  trans- 
mission system.  To  accomplish  this,  four  of  the  200  kw.  direct 
current  generators  at  Harrison  street  were  reconstructed  and  there- 
by converted  into  double-current  generators  directly  connected  to 
two  600  H.  P.  triple  expansion  engines.  These  machines  were  in 
effect  rotary-converters  directly  connected  to  steam  engines,  and 
when  driven  by  the  engines  were  capable  of  generating  both  direct 
current  and  3-phase,  25-cycle,  low  tension  alternating  current  at 
the  same  time.  The  full  rated  load  of  400  kw.  in  either  kind  of  out- 
put could  be  carried  by  each  unit.  This  was  especially  advanta- 
geous at  that  time,  for  the  following  reasons : 

As  the  daily  maximum  load  occurred  about  three  hours  earlier 
down  town  than  in  the  outlying  residence  districts,  these  machines 
were  w-orked  at  their  full  capacity  as  d.  c.  generators,  delivering 
current  directly  through  low  tension  feeders  to  the  down-town  d.  c. 
system  during  the  peak  of  the  load,  which  occurred  at  about  five 
o'clock  in  the  afternoon.  As  the  down-town  load  dropped  off 
rapidly  after  5  o'clock,  the  load  on  the  double-current  generators 
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was  shifted  over  to  the  a.  c.  transmission  system.  As  the  d.  c. 
load  on  the  double-current  generators  became  lighter,  thev  were 
thus  gradually  loaded  up  on  the  a.  c.  side  to  supply  the  a.  c. 
transmission  system  until  about  eight  o'clock  in  the  evening,  when 
they  were  working  at  full  capacity,  carrying  a  portion  of  the  peak 
load  of  the  residence  district.  Thus  the  same  generating  units  were 
continued  in  use  in  the  old  system  and  were  also  made  available 
as  an  additional  source  of  supply  for  the  new  system,  without  hav- 
ing installed  additional  generating  machinery  for  the  latter  purpose. 

The  next  unit  installed  at  the  Harrison  street  station  was  a 
2500  kw.  double-current  generator,  designed  to  be  used  on  both 
systems  in  the  manner  just  described.  This  generator  differed  from 
the  two  small  units  in  that  it  delivered  300-volt  direct  current  and 
6-phase  alternating  current.  The  speed  of  this  machine  is  75  rev. 
per  min.  and  as  there  are  40  poles,  the  frequency  is  2^  cycles  per 
second.  Two  banks  of  three  delta-connected,  450  kw.  air  blast 
static  transformers  are  used  to  raise  the  low  tension  a.  c.  voltage 
to  that  of  the  transmission  system,  which,  by  the  way,  was  in- 
creased from  4,500  to  9,000  volts  some  time  before  this  unit  was 
put  into  service.  The  original  2250  volts  had  been  doubled  within 
a  year  after  it  was  started.  All  units  subsequently  installed  at  the 
Harrison  street  station  were  designed  to  deliver  3-phase,  25-cycle, 
9000-volt  current  at  the  generator  terminals,  and  their  rated  capac- 
ities were  as  follows :  Two  1000  kw.,  one  1800  kw.,  and  one  3500 
kw.  The  addition  of  these  units  increased  the  rated  capacity  of  the 
station  to  16,200  kw.,  of  which  5600  kw.  was  in  direct  current,  7300 
kw.  in  alternating  current,  and  3300  kw.  in  combination  d.  c.  and 
a.  c.  generators. 

During  the  year  1900,  two  years  after  the  Commonwealth  Elec- 
tric Co.  commenced  business,  a  modern  3-phase,  4-wire,  a.  c. 
central  station  was  put  in  operation  adjoining  the  old  series-arc 
plant  at  Firty-sixth  and  Wallace  streets.  The  loads  of  si.K  small 
generating  stations  in  the  southern  district  were  transferred  to  this 
station,  and  a  high-tension  60-cycle  center  of  distribution,  known  as 
the  Hyde  Park  sub-station,  was  also  established  at  Fiftieth  Place 
and  Cottage  Grove  avenue.  This  sub-station  received  current  over 
two  4-wire,  4150-2400  volt,  60-cycle  transmission  lines  from  the 
Fifty-sixth  street  station,  and  distributed  it  to  the  surrounding  terri- 
tory through  numerous  single-phase  and  4-wire,  3-phase,  60-cycle 
circuits.  The  single-phase  lighting  circuits  and  the  lighting  phases  of 
the  combined  4-wire.  3-phase  power  and  lighting  circuits  were  all 
provided  with  potential  regulators  for  the  purpose  of  independently 
controlling  the  potential  at  the  end  of  each  feeder.  The  4-wire 
circuits  carried  a  combined  lighting  and  power  load,  with  the  light- 
ing load  connected  between  the  respective  phase  wires  and  the 
neutral  wire,  and  the  power  load  connected  between  the  3-phase 
conductors. 

The  generators  at  the  Fifty-sixth  street  station  are  star  connected, 
with  the  neutral  lead  brought  out   from   the  common   point,  thus 
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o-ivino-  the  A,  B,  and  C  pha'se  conductors  and  the  neutral  or  fourth 
wire,  which  is  permanently  connected  to  ground.  This  system  of 
4-wire.  3-phase,  60-cycle,  4 150-2400- volt  distribution  superseded 
the  old  single-phase,  125-cycle  1000- volt  system,  and  has  since  been 
extended  throughout  the  city  in  the  outlying  districts,  where  the 
density  of  the  load  is  not  sufficient  to  warrant  the  use  of  the  3-wire 
d.  c.  system. 

Three  generating  units  were  installed  in  the  Fifty-sixth  street 
station,  aggregating  2400  kw.  in  capacity,  and  there  have  since  been 
installed  three  motor-generators  of  a  total  capacity  of  2500  kw. 
Each  of  these  motor-generator  units  consists  of  a  9000-volt.  3-phase 
25-cvcle  motor  directly  connected  to  a  4150-2400  volt.  3-phase, 
4-wire,  60-cycle  generator.  The  motors  receive  current  through  un- 
der ground  transmission  lines  from  the  9000  volt  generators  at  the 
power  house  several  miles  away,  and  the  generators  to  which  the 
motors  are  connected  are  operated  in  parallel  with  each  other  and 
with  the  local  engine-driven  generators. 

In  the  fall  of  1903.  or  about  nine  years  after  the  Harrison  street 
station  was  first  put  in  operation,  the  system  load  had  increased  to 
approximately  33.000  kw.,  and  although  the  d.  c.  generating  ca- 
pacity at  the  Washington  street  station  had  been  increased  to  4500 
kw.  and  storage  batteries  of  a  one-hour  capacity  of  10,200  kw.  had 
been  installed,  there  was  scarcely  sufificient  capacity  to  provide  for 
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the  load.  At  this  juncture  the  first  ijiant  turbo-generator  in  tlie 
new  generating;  station  at  Fisk  street  on  the  Chicago  river  was  put 
in  operation,  and  from  that  time  up  to  this  date  the  rapid  extension 
of  that  station  has  with  difiiculty  kept  pace  with  the  demands  made 
.  upon  it  by  the  constantly  increasing  load.  Within  a  year  after 
this  station  started  the  system  load  had  increased  from  33,000  to 
39.600  kw.,  a  year  later  to  53.800  kw..  and  this  year  the  maxinuur, 
load  was  72.600  kw. 

Although  the  Fisk  street  station  is  only  three  years  old.  there  are, 
at  the  present  time,  eight,  3-phase,  25-cycle,  9000-volt  turbo-genera- 
tors in  operation  in  this  station  of  an  aggregate  overload  capacity 
of  about  86,000  kw.,  with  sufficient  room  for  extension  to  provide 
for  an  additional  overload  capacity  of  72.000  kw.  It.  is  interesting 
to  note  that  the  capacity  of  one  unit  at  Fisk  street  today  is  suffi- 
cient to  carry  as  much  load  as  was  carried  by  the  entire  systems  of 
both  companies  only  eight  years  ago.  Each  of  the  largest  units  at 
Fisk  street  has  an  overload  capacity  of  approximately  12.000  kw.. 
corresponding  to  16,000  electrical  H.  P.  or  240,000  standard  16  c.  p. 
lamps  for  a  limited  period  of  time. 

The  25-cycle  system  is  operated  in  two  independent  sections, 
each  feeding  a  large  group  of  sub-stations  through  underground 
transmission  lines.  The  25-cycle  generators  in  the  Harrison  street 
station  are  operated  in  parallel  wath  one  section  of  the  Fisk  street 
station  through  three,  3-conductor,  4/0  underground  tie  lines  14.000 
feet  in  length.  There  are  upwards  of  fifty  transmission  lines,  ag- 
gregating about  230  miles  in  length.  The  size  of  conductors  in 
these  transmission  lines  ranges  from  No.  o  to  250,000  circ.  mils. 
Each  line  is  protected  by  overload  time  limit  relays,  and  consists  of 
a  paper-insulated,  lead-covered  cable  draw'n  into  a  vitrified  clay 
conduit,  through  manholes  spaced  about  500  feet  apart.  The  high 
tension  cables  are  thoroughly  protected  against  mechanical  injury 
and  fire  by  an  envelope  of  split  tile  in  all  manholes  and  in  stations 
and  sub-stations  between  the  building  wall  and  the  oil  switches. 
Each  sub-station  is  provided  with  one  or  more  transmission  lines 
direct  from  the  power  house  and  a  tie  line  to  an  adjacent  sub-sta- 
tion. These  tie  lines  between  sub-stations  are  ordinarily  kept 
open,  in  order  to  minimize  complications  at  times  of  serious  dis- 
turbances due  to  grounds  or  short  circuits  on  the  transmission 
system.  Each  such  tie  line  is  available,  however,  as  a  source  of 
supply  through  another  sub-station  in  case  the  direct  lines  are  out 
of  commission  for  anv  reason. 

In  all  cases  where  it  is  practicable  to  do  so.  the  two  direct  lines 
to  each  sub-station  are  carried  over  different  routes,  in  order  to  j^re- 
vent  trouble  on  one  of  the  lines,  being  directly  communicated  "to  the 
other  and  thus  totally  interrupting  the  supply.  For  instance,  such 
lines  are  carried  through  dififerent  timnels  under  the  river  and  are 
also  run  through  separate  conduit  systems  where  j^ossible. 

Three  years  ago.  when  the  Fisk  street  station  began  operation, 
there  were  twenty-three  sub-stations  in  the  system,  having  a  total 
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rated  capacity  of  33,000  k\v.  The  equipment  in  some  of  these  sub- 
stations consisted  exclusively  of  rotary-converter  units  ;  others  of 
frequency  changing  motor-generator  units ;  others  contained  stor- 
age batteries  only,  and  still  others  included  all  of  the  various  types 
of  equipment.  The  total  rated  capacities  of  the  various  kinds  of 
equipment  were  as  follows:  Rotary-converters,  18,600  kw. ; 
motor-generators,  4500  kw.,  and  storage  batteries  at  the  i-hour  rate 
of  discharge,  10,200  kw. 

At  the  present  time  there  are  thirty-two  Edison  and  Common- 
wealth sub-stations,  the  total  rated  capacity  of  all  of  which  is  79,695 
kw.,  or  nearly  two  and  one-half  times  as  great  as  that  of  only  three 
years  ago.  There  are  now  installed  in  these  sub-stations  70  rotary- 
converters,  ranging  in  capacity  from  100  to  2000  kw.  each ;  19  fre- 
quency changing  motor-generator  sets,  ranging  from  250  to  2000 
kw.  each,  and  20  storage  batteries,  ranging  in  capacity  from  260  to 
1425  kw  each,  at  the  i-hour  rate  of  discharge.  In  addition  to  these 
sub-stations  there  are  eight  railway  sub-stations,  operating  20  ro- 
taries  of  a  total  rated  capacity  of  25,200  kw.  One  of  the  largest 
converters  now  in  use  is  capable  of  carrying,  under  overload  con- 
ditions, the  equivalent  of  60,000-16  c.  p.  lamps,  and  this  is  equal  to 
the  entire  capacity  of  all  the  generating  stations  of  both  companies 
as  they  existed  fourteen  years  ago,  shortly  preceding  the  opening  of 
the  ^^'orld's  Columbian  Exposition. 

All  of  the  converting  machinery  in  use  at  the  present  time  is  of 
General  Electric  manufacture,  and  all  storage  batteries  were  manu- 
factured by  the  Electric  Storage  Battery  Co.,  of  Philadelphia.  Ow- 
ing to  the  high  price  of  real  estate  and  other  existing  conditions  in 
the  down  town  district,  six  of  the  nine  down  town  sub-stations  are 
located  in  leased  basements,  which  have  been  reconstructed  and  re- 
fitted for  the  purpose.  The  principal  difficulty  encountered  in 
adapting  such  premises  to  the  purpose  is,  of  course,  the  fixed  condi- 
tion of  limited  head  room,  thus  seriously  limiting  the  size  of  ma- 
chines which  may  be  installed  therein.  This  is  a  very  serious  mat- 
ter, both  from  the  standpoint  of  necessary  investment  per  kilowatt 
of  capacity  and  of  increased  operating  expenses.  The  remaining 
three  down  town  sub-stations  are  in  buildings  owned  by  the  com- 
pany, and  are  known  as  the  "Adams  street,"  "Market  street"  and 
"Plymouth  Place"  sub-stations. 

The  Adams  street  sub-station,  which  has  already  been  referred 
to  as  the  down  town  terminus  of  the  great  Harrison  street  trunk 
line  and  as  an  important  center  of  low-tension  distribution,  is  also 
distinguished  by  reason  of  its  containing  one  of  the  largest  storage 
battery  installations  in  the  world.  There  are  in  this  sub-station 
three  large  batteries,  comprising  from  150  to  160  cells  each,  each 
cell  containing  from  81  Type  H  plates  in  the  smallest  to  87  H  plates 
in  the  largest  battery.  All  of  the  plates  of  each  polarity  in  each 
cell  are  connected  in  parallel,  in  order  to  increase  the  current  capac- 
ity, and  all  cells  are  connected  in  series  to  obtain  the  requisite  po- 
tential for  use  in  connection  with  operating  the  batteries  in  paral- 
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lei  with  Harrison  street  station  and  with  neighboring  sub-stations 
on  the  3-wire,  low  tension  system.  The  capacity  of  each  of  these 
batteries  is  11.400  amperes  at  the  i-hour  rate  of  discharge,  or  a  total 
of  33.800  amperes  for  all  three  batteries  at  a  maximum  sustained 
potential  of  approximately  130  volts.  At  the  middle  point  of  the 
entire  series  of  cells  of  each  battery  a  heavy  neutral  lead  is  tapped 
off  and  connected  through  a  switch  to  the  neutral  bus  bar  of  the 
sub-station.  It  will  be  seen  that  with  a  150-cell  battery,  this  ar- 
rangement provides  a  maximum  of  75  cells  for  use  on  each  side  of 
the  3- wire  system.  However,  as  the  voltage  per  cell  varies  from 
about  2.5  immediately  preceding  the  completion  of  charge  to  ap- 
proximately 1.6  when  discharged  at  the  i-hour  rate  to  the  limit  im- 
posed by  the  specifications,  and  as  the  sub-station  bus  pressure  va- 
ries in  accordance  with  the  form  of  the  load  curve,  it  is,  of  course, 
necessary  to  provide  a  satisfactory  means  of  regulating  the  differ- 
ence of  potential  between  the  neutral  and  the  working  terminals  of 
each  side  of  each  of  the  batteries. 

This  may  be  accomplished  either  by  the  use  of  "boosters"  con- 
nected in  series  between  the  battery  and  the  bus,  or  by  means  of  end 
cells  and  corresponding  end  cell  switches  on  each  leg  of  each  bat- 
tery. The  end  cell  method  of  regulation  is  used  by  the  Chicago 
companies  except  in  some  of  the  railway  sub-stations,  where  auto- 
matically controlled  boosters  are  employed.  In  the  end  cell  method 
the  final  20  to  25  cells  in  the  series  on  each  side  of  the  neutral  are 
used  as  end  cells  in  the  well  known  manner. 

The  lead  from  each  end  cell  is  connected  at  one  end  to  the  cell 
and  at  the  other  end  to  its  corresponding  point  on  the  end  cell 
switch.  The  end  cell  switches  are  located  in  an  end  cell  switch 
room  adjoining  the  battery  room,  as  near  to  the  end  cells  as  possi- 
ble, and  consists  of  a  traveling  laminated  copper  brush,  one  end  of 
which  is  constantly  in. sliding  contact  with  a  heavy  copper  bar  and 
the  other  end  in  sliding  contact  with  one  end  cell  terminal.  Thus 
it  will  be  observed  that  the  number  of  cells  in  circuit  at  any  given 
time  is  dependent  on  the  position  of  the  end  cell  switch,  and  that  by 
moving  the  switch  from  point  to  point  any  desired  number  of  cells 
may  be  included  in  or  excluded  from  the  circuit.  The  traveling 
brush  of  each  end  cell  switch  is  mounted  upon  a  fixed  square- 
threaded  screw,  which  may  be  rotated  through  worm  gearing  by 
means  of  a  small  electric  motor  controlled  from  the  switchboard  in 
the  operating  room.  By  means  of  a  cam  mechanism  mounted  on 
the  shaft  of  the  switch,  the  circuit  feeding  the  motor  is  automatically 
opened  and  a  magnetic  brake  applied  at  the  instant  when  the  travel 
of  the  switch  from  one  point  to  the  next  has  been  completed.  By 
means  of  a  reversing  control  switch  the  motor  and,  therefore,  the 
end  cell  switch  may  be  run  in  either  direction,  one  cell  at  a  time, 
with  a  pause  on  each  point,  or  continuously  without  stop  from  the 
lowest  to  the  highest  end  cell  by  merely  keeping  the  control  switch 
button  depressed  instead  of  permitting  it  to  spring  out,  as  is  done 
when  onlv  a  single  cell  is  cut  in  or  out.     It  has  no  doubt  occured  to 


420  Smith — A  Transjitission  and  Conversion  System. 

some  of  you  that  it  would  not  be  allowable  or  practicable  to  open 
the  battery  circuit  each  time  the  end  cell  switch  moved  from  one  cell 
terminal  to  the  next.  Neither  would  it  be  safe  to  allow  the  main 
laminated  brush  face  to  make  contact  with  two  cell  terminals  at  the 
same  time,  as  this  would  produce  a  short  circuit  with  a  flow  of 
thousands  of  amperes  through  it,  thereby  destroying  the  switch,  the 
leads,  and  probably  the  cell  itself.  In  order  to  get  around  this  dif- 
ficulty the  switch  is  so  designed  that  in  moving  from  one  point  to 
the  next  a  small  auxiliary  advance  carbon  brush  makes  contact  with 
one  point  just  before  the  main  brush  loses  contact  with  the  other 
point.  The  auxiliary  carbon  brush  and  the  main  laminated  copper 
brush  are  connected  together  through  high  resistance  carbon  or 
other  suitable  material,  and  a  short  circuit  is  thus  prevented  while 
the  brushes  are  in  contact  with  both  points,  and  at  the  same  time 
the  amount  of  resistance  between  the  brushes  is  so  designed  that 
the  passage  of  the  main  current  through  it  for  the  brief  interval  re- 
quired will  not  seriously  overheat  it  or  drop  the  voltage.  However, 
it  occasionally  happens  that  the  motor  stops  with  the  switch  in  a 
position  between  points,  on  account  of  the  blowing  of  a  fuse  in  the 
motor  circuit  or  some  other  cause.  In  such  case  it  is  necessary  to 
immediately  uncouple  the  motor  from  the  swdtch  and  operate  the 
switch  by  hand  until  it  is  making  contact  with  a  single  point  only. 
If  this  is  not  done  immediately,  the  switch  will  be  wholly  or  partially 
destroyed. 

The  copper  bar  referred  to,  with  which  the  end  cell  switch  brush 
constantly  makes  contact,  is  connected  through  heavy  cables  or  bar 
copper  to  a  switch  on  the  switchboard  in  the  operating  room,  and 
by  means  of  this  switch  the  end  cell  switch  lead  can  be  connected  to 
either  of  the  three  buses,  i.  e.,  to  the  main  bus,  the  auxiliary  bus,  or 
to  the  charge  bus.  There  are  three  such  end  cell  switches  connected 
in  multiple  to  each  leg,  positive  and  negative,  of  each  of  the  three 
batteries  in  the  Adams  Street  sub-station.  Hence,  all  three  bat- 
teries with  all  three  end  cell  switches  may  be  operated  in  parallel 
on  either  of  the  three  bvises,  or  any  one  of  the  batteries  may  be 
operated  on  all  three  buses  at  the  same  time,  carrying  widely  differ- 
ent potentials  on  each  bus  by  regulating  the  position  of  each  of  the 
end  cell  switches  independently  of  the  others.  As  all  low  tension 
feeders  are  connected  to  double-throw  switches  and  can  be  con- 
nected to  either  the  main  or  the  auxiliary  bus,  it  is  possible  to  carry 
the  long,  heavily  loaded  feeders  on  the  auxiliary  bus  at  a  much 
higher  voltage  than  that  of  the  main  bus.  receiving  current  from 
the  battery  for  the  purpose.  The  principal  and  most  important 
feature  of  the  service  expected  from  the  batteries,  however,  is  to 
cut  off  the  daily  peak  of  the  load  during  the  winter  season  and  to 
stand  ever  ready,  without  a  moment's  notice,  to  discharge  its  full 
capacity  into  the  system  in  case  of  emergencies  seriously  affecting 
the  operation  of  the  generating  stations  and  consequently  that  of  the 
rotary-converters  in  the  si;b-station. 
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Under  conditions  of  former  times  the  use  of  the  battery  for  peak 
load  service  was  generally  regarded  with  favor,  as  the  cost  per 
kilowatt  per  battery  for  such  short  periods  of  discharge  was  consid- 
erably less  than  the  investment  required  for  the  same  maximum 
capacity  in  the  form  of  steam  plant  and  generating  machinery,  which 
was  required  to  carry  load  only  a  few  weeks  in  the  year  and  for 
only  a  few  hours  per  day  during  such  time.  Under  present  condi- 
tions, in  large  systems,  however,  the  investment  per  kilowatt  in 
generating  plant  is  such  that,  combined  with  the  deteriorating  effect 
upon  the  battery  believed  to  be  produced  by  heavy  peak  service,  the 
advisability  of  using  the  storage  battery  for  peak  service,  more  than 
is  absolutely  necessary,  is  seriously  questioned.  Thus  it  appears  that 
the  great  function  of  the  storage  battery  under  existing  conditions 
is  to  stand  by,  ready  for  immediate  service  in  case  of  any  con- 
tingency affecting  the  operation  of  the  generating  stations. 

In  order  to  be  instantly,  and  largely  automatically,  available,  it  is 
the  practice  in  all  of  the  Edison  systems  of  the  large  cities  to  float 
all  of  the  storage  batteries  on  the  system  at  all  times  when  not  charg- 
ing or  discharging.  The  operation  of  floating  a  storage  battery 
consists  in  connecting  it  to  the  system  with  just  a  sufficient  number 
of  cells  in  circuit  to  give  a  terminal  pressure  approximately  e(|ual 
to  the  voltage  on  the  system,  and  as  the  system  voltage  gradually 
rises  and  later  falls  off'  during  the  daily  cycle  of  load  changes,  to 
follow  these  changes  by  including  and  excluding  cells  from  cir- 
cuit, so  that  at  the  end  of  a  given  inactive  period,  although  the 
battery  had  been  constantly  connected  to  the  system,  it  shall  have 
received  as  much  energy  from  the  system  as  it  has  discharged  into 
the  system  during  the  numerous  momentary  fluctuations  of  the 
load. 

Under  these  conditions  the  battery  renders  valuable  service  in 
steadying  the  system  potential,  and  is  ready  to  relieve  the  generat- 
ing stations  or  pick  up  their  load  in  case  of  trouble.  As  soon  as 
such  emergency  occurs  the  battery  automatically  picks  up  a  certain 
amount  of  load,  corresponding  to  the  seriousness  of  the  trouble  (the 
more  serious  the  trouble,  the  heavier  the  load  which  will  be  auto- 
matically picked  up),  and  then  the  operator  in  charge  immediately 
cuts  in  as  many  end  cells  as  are  necessary  to  throw  the  approved 
amount  of  load  onto  the  battery.  After  the  emergency  is  past  the 
battery  is  withdrawn  from  active  service  by  the  reverse  operation 
of  cutting  end  cells  out  of  circuit  by  the  system  of  remote  control 
of  the  end  cell  switch  in  the  .manner  already  described. 

In  order  that  a  storage  battery  may  be  charged  under  all  of  the 
conditions  which  are  encountered  in  regular  practice,  it  is  necessary 
that  an  ample  source  of  electrical  energy  he  available  in  the  form  of 
direct  current,  the  potential  of  which  may  be  conveniently  regulated 
and  raised  to  a  maximum  corresponding  to  the  voltage  of  all 
of  the  cells  in  series  just  before  completing  the  charge  plus  the  fall 
of  potential  through  the  battery  due  to  the  charging  current.     This 
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form  of  energy  for  battery  charging  in  the  sub-stations  of  the  Chi- 
cago Edison  Co.  is  derived  from  the  9000  volt,  3-phase  energy  as 
received  from  the  distant  generating  stations,  by  two  entirely  dififer- 
ent  methods,  one  of  which  is  much  more  economical  and  direct  than 
the  other. 

The  more  direct  method  involves  the  using  of  a  special  high  volt- 
age rotary-converter  unit,  which  receives  energy  from  the  a.  c. 
transmission  line  and  delivers  direct  current  direct  to  the  battery 
through  a  special  charging  bus.  The  high  potential  required  is  ob- 
stained  by  the  use  of  an  extraordinarily  large  potential  regulator 
and  also  a  3-phase  to  6-phase  reducing  static  transformer,  the  ratio 
of  transformation  of  which  may  be  changed  by  means  of  a  double- 
throw  switch  connected  to  terminals  and  taps  of  the  secondary 
coils.  By  means  of  these  switches  the  unit  may  be  used  for  ordinary 
regular  service  in  parallel  with  other  machines  carrying  system  load 
or  for  high  voltage  service  in  charging  storage  batteries,  etc.  There 
are  two  such  units  in  service  in  Chicago  at  the  present  time,  one  at 
the  Plymouth  Place  sub-station  and  the  other  at  the  ^Market  Street 
sub-station  of  the  Chicago  Edison  Co. 

The  other  method  of  charging  requires  the  use  of  a  booster  set 
in  each  sub-station,  the  purpose  of  which  is  to  receive  direct  cur- 
rent from  the  regular  main  bus  and  deliver  direct  current  of  higher 
potential  to  the  charging  bus.  These  machines  consist  of  three 
units,  all  mounted  on  the  same  shaft,  /.  c,  a  250  volt  d.  c.  motor 
mounted  in  the  middle  and  a  o  to  70  volt  d.  c.  booster  generator  on 
each  end  of  the  shaft.  From  one  or  more  rotary-converters  in 
operation,  carrying  the  sub-station  load,  the  booster  motor  receives 
direct  current  from  the  main  bus  and  drives  the  direct-connected 
shunt  wound  booster  generators.  By  means  of  field  rheostats  the 
voltage  of  each  of  the  booster  generators  may  be  independently 
regulated,  and  when  charging,  the  positive  booster  is  connected  in 
series  between  the  positive  bus  and  the  positive  lead  of  the  battery 
through  the  charging  bus,  the  end  cell  switch  lead,  the  end  cell 
switch,  and  the  end  cell  copper  to  the  highest  cell  in  the  series  in- 
cluded in  the  charging  circuit.  The  current  entering  through  the 
positive  terminal  of  this  cell  passes  through  all  of  the  positive  cells 
to  the  neutral  point,  and  from  this  point  the  balanced  portion  of  the 
charge  current  continues  on  through  all  of  the  negative  series  ot 
cells  up  to  that  particular  end  cell  copper  whose  terminal  is  in  con- 
tact with  the  charging  end  cell  switch,  through  which  it  passes  on 
to  the  negative  charging  bus,  thence  to  the  positive  terminal  of  the 
negative  booster  generator,  and  through  the  armature  of  the  booster 
to  the  negative  main  bus,  back  to  the  rotary-converters  whence  it 
came. 

There  are  three  principal  methods  of  determining  when  a  battery 
is  fully  charged.  They  are,  by  observation  of  the  pressure  of  a 
fixed  number  of  main  series  cells,  by  observation  of  specific  gravity 
of  electrolyte  of  a  standard  cell,  and  by  observation  of  gasing  or 
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violent  evolution  of  gas  bubbles  and  acid  fumes  rising  from  the 
cells  when  fully  charged.  It  is  well  to  make  careful  and  systematic 
observations  upon  all  of  these  characteristics  in  connection  with  the 
operation  of  a  storage  battery,  but  experience  here  in  Chicago  has 
indicated  that  the  use  of  the  first  method  referred  to  gives  satisfac- 
tory results.  By  this  method  a  recording  voltmeter  is  connected 
across  the  greater  number  or  all  of  the  main  series  cells  on  each 
side  of  the  battery.  During  discharge  the  line  traced  by  the  record- 
ing voltmeter  gradually  falls  until  the  discharge  is  removed,  when, 
if  it  be  removed  suddenly,  the  curve  rises  sharply,  but  not  to  its 
former  level.  When  the  charge  is  started  the  line  rises  at  a  rapid 
rate  at  once,  on  account  of  the  drop  through  the  battery,  and  as 
the  charge  progresses  the  line  continues  on  upward,  until  suddenly 
the  curve  traced  by  the  pen  will  round  over,  forming  a  knee  in  the 
curve.  \'ery  soon  after  this  occurs  the  curve  will  become  fixed  in 
height,  indicating  that  the  voltage  has  discontinued  rising,  and  at 
this  point  the  battery  should  be  gasing  freely  and  ordinarily  the 
charge  should  be  discontinued.  However,  at  frequent  regular  inter- 
vals the  charge  is  allowed  to  continue  on  for  an  additional  period  of 
from  thirty  minutes  to  an  hour,  for  the  purpose  of  maintaining  the 
plates  in  proper  condition. 

The  aggregate  rated  capacity  at  the  i-hour  rate  of  all  of  the 
storage  batteries  in  the  system  at  the  present  time  is  17,700  kw.,  the 
equivalent  of  power  required  to  light  354,000  16  c.  p.  lamps  and 
more  than  equal  to  the  load  of  the  entire  system  only  six  years  ago. 
Under  ordinary  conditions  the  batteries  are  floated  on  the  system, 
except  during  the  peak  period,  when  they  are  discharged  if  neces- 
sary. Their  principal  value,  however,  resides  in  their  immediate 
availability  for  meeting  emergencies  aft'ecting  the  operation  of  the 
generating  stations  or  the  transmission  system. 

Referring  to  the  rotary-converters,  it  may  be  of  interest  to  note 
that  each  of  the  earlier  units  consisted  of  a  3-phase  converter  re- 
ceiving current  through  a  3-phase  induction  potential  regulator  from 
three  separate  step-down  transformers,  with  the  primary  and  sec- 
ondary windings,  connected  in  delta,  whereas  each  of  the  modern 
converter  installations  comprises  a  6-phase  rotary  receiving  a.  c. 
supply  through  a  6-phase  induction  regulator  from  a  single  3-phase 
to  6-phase  step-down  static  transformer  connected  in  delta  on  the 
9000  volt  side,  with  secondaries  diametrically  connected  and  tied 
together  at  their  neutral  points.  From  the  common  point  a  neutral 
lead  is  brought  out  and  passed  through  a  switch  to  the  main  neutral 
d.  c.  bus  bar  of  the  sub-station.  Under  normal  operating  condi- 
tions this  scheme  of  connections  tends  to  maintain  an  equal  pressure 
on  each  side  of  the  d.  c.  bus.  automatically  picks  up  the  neutral  cur- 
rent of  the  load  and  distributes  it  through  the  secondary  coils  of 
the  transformer,  back  to  the  common  a.  c.  and  d.  c.  winding  of 
the  converter  armature. 

In  ca.se  it  becomes  necessary  to  maintain  a  considerable  difference 
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of  voltage  between  the  positive  and  neutral  bus  and  the  negative 
and  neutral  bus,  in  order  to  maintain  an  equal  voltage  on  each  side 
of  the  d.  c.  feeder  ends,  then  either  the  positive  or  the  negative 
armature  switches  of  the  converter  are  opened,  thus  leaving  the  con- 
verter connected  only  to  that  side  of  the  system  which  requires  a 
higher  potential.  Under  these  conditions  6-phase  alternating  cur- 
rent flows  between  the  secondaries  of  the  transformer  and  the  col- 
lector rings  of  the  converter  through  the  potential  regulator  As 
there  is  but  a  single  winding  on  the  converter  armature,  part  of  this 
current  flows  directly  through  the  winding  to  the  commutator, 
thence  through  the  positive  brushes  and  positive  lead  to  the  positive 
bus  (provided  the  positive  armature  switch  is  closed  and  the  negative 
open;  ince  versa  otherwise).  In  the  former  case,  direct  current 
flows  from  the  positive  bus  out  to  the  positive  mains  through  the 
positive  feeders,  thence  through  the  positive  mains  to  the  positive 
building  services,  through  the  positive  services  to  the  positive  load, 
and  the  unbalanced  portion  then  returns  through  the  neutral  services, 
mains  and  feeders  to  the  neutral  bus  bar  in  the  sub-station.  It  then 
passes  through  the  neutral  lead  to  the  common  neutral  point  of 
the  secondary  coils  of  the  step-down  transformer,  and  Is  distributed 
therein  as  already  stated. 

The  3-unit  booster  sets  in  combined  rotary  and  batterv  sub- 
stations are  also  used  as  balancers,  by  connecting  the  two  70 -volt 
generators  in  series  and  operating  them  on  either  side  of  the  system. 
The  generators  are  driven  by-  the  direct-connected  motor,  which  re- 
ceives current  from  the  positive  and  negative  d.  c.  buses. 

In  other  sub-stations  the  old  125-volt  rotaries  a»-e  used  to  carry 
the  neutral  load,  and. in  one  sub-station  a  2-unit  balancer  set  i>  in 
operation.  This  unit  consists  of  two  115-volt  d.  c.  generators,  the 
armatures  of  which  are  mounted  on  the  same  shaft,  and  are  con- 
nected in  series.  The  shunt  field  of  the  positive  machine  receives 
excitation  from  the  negative  bus,  and  the  negative  field  is  supplied 
from  the  positive  bus.  The  neutral  bus  is  connected  to  the  series 
connection  between  machines.  When  in  operation  the  machines  are 
thus  connected  in  series  between  the  positive  and  negative  inise^, 
with  the  neutral  bus  connected  to  a  point  between  the  machines. 
Under  these  conditions  the  unit  is  largely  automatic  in  its  action,  as 
a  rise  in  voltage  on  the  positive  bus  strengthens  the  field  of  the  nega- 
tive machine  and  causes  the  positive  machine  to  act  as  a  motor  and 
drive  the  negative  machine  as  a  generator,  thus  tending  to  lower  the 
voltage  on  the  positive  side  and  raise  it  on  the  negative  side,  at  the 
same  time  transferring  load  from  one  side  of  the  system  to  the 
other.  The  reverse  action  occurs  in  case  the  voltage  falls  on  the 
other  side  of  the  system.  The  action  of  the  balancer  may  also  be 
controlled  by  hand,  by  means  of  field  rheostats  connected  in  circuit 
with  the  shunt  field  coils. 

When  we  consider  that  the  unbalanced  load  of  each  small  branch 
circuit  is  neutralized  in   the  risers  of  each   building;  that   the  un- 
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Lalanced  load  in  the  risers  is  again  equalized  in  the  huildin"-  service 
wires ;  that  the  unhalanced  load  of  the  various  buildings  in  a  block 
is  again  neutralized  in  the  neutral  conductor  of  the  underground 
main ;  that  the  unbalanced  load  of  all  the  mains  radiating  from  each 
junction  box  at  the  street  intersections  is  neutralized  in  the  neutral 
bar  of  each  box,  and  that  the  net  unbalanced  current  llowing  in 
the  feeders  is  again  finally  neutralized  in  the  main  neutral  bus  bar 
of  each  sub-station,  it  may  be  readily  seen  that  so  long  as  the  loavl 
of  the  entire  system  is  reasonably  well  balanced,  there  will  be  but 
very  little  neutral  current  to  be  carried  by  the  balancing  machines 
in  the  sub-stations.  As  an  interesting  example,  one  of  the  largest 
down-town  sub-stations,  carrying  a  total  load  of  25,000  amperes, 
seldom  carries  more  than  200  amperes  neutral  current,  which  is 
equivalent  to  about  0.8  of  i  per  cent,  of  the  load  on  the  outer  con- 
ductors. 

As  the  more  important  features  of  construction  and  operation 
of  rotary  converter  units  were  fully  described  by  Mr.  Schuchardt 
in  his  excellent  paper  recently  read  before  this  Society,  I  sliall 
not  make  further  reference  to  that  subject  at  this  time. 

The  output  of  the  d.  c.  sub-stations  is  carried  to  the  under-ground 
mains  through  lead-covered,  paper-insulated  cables,  ranging  in  size 


,                                      i 

■j 

^^^pl^^^l^^^  x 

wjl 

■H^^^^,      \\\ 

Jlj 

■Be                                •Mw.ai,^^^^ 

y^ 

-sr'i^^^^il^H 

'i  .     ■  .        ■         •^^^■:^^^^^,.      I 

^ 

il^^^^l 

2;")  to  (50  Cycle  Frequency  Changers. 


426 


Siuith — A  Transmission  and  Conversion  System. 


from  250,000  to  2.000,000  circ.  mils.  The  standard  feeder  consists 
of  a  1,000,000  circ.  mil.  concentric  cable,  carrying  pressure  wires 
which  are  connected  to  the  rings  or  bars  of  the  feeder  junction  boxes 
at  one  end  and  to  a  multiple-point  voltmeter  switch  at  the  other  end 
in  the  sub-station.  By  means  of  this  switch  a  pair  of  notential  nidi- 
cators  can  be  connected  to  any  set  of  pressure  wires,  thus  indicating 
the  pressure  at  the  system  end  of  any  feeder.  The  pressure  at  the 
end  of  the  standard  feeder  is  maintained  at  a  certain  figurr;  by  regu- 
lating the  load  on  the  converters  in  operation  or  by  cutting  in  or 
out  converters  as  required.  In  the  largest  sub-station  as  many  as 
nine  converters  are  frequently  in  operation  in  parallel  at  the  same 
time. 

A  brief  description  of  the  installation  and  operation  of  frequency 
changing  motor-generator  units  may  be  of  interest.  The  nominal 
capacity  of  the  nineteen  units  of  this  t\pe  in  Chicago  ranges  from 
500  kw.  to  2O00  kw.  each,  as  previously  stated.  Each  of  these  units, 
excepting  the  2000  kw.  machines,  is  of  the  horizontal  revolving  field 
type,  with  a  25-cycle  motor  ^nd  a  6o-cycle  generator  mounted  on 
the  same  shaft.  The  2000  kw.  units  are  similar  to  the  other  ma- 
chines, wath  the  important  exception  that  the  shaft  is  vertical  with 
two  guide  bearings  and  a  step  bearing,  the  latter  being  supplied  v\^ith 
oil   at   a  pressure  of  approximately   500  lbs.   per   sq.   in.     As   the 
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frequency  of  the  three-phase  current  received  from  the  transmission 
system  is  25  cycles  per  second,  and  as  this  frequency  is  too  low  to 
be  successfully  employed  in  connection  with  lighting  service,  it  be- 
comes necessary  to  change  the  frequency  from  25  cycles  to  one  suf- 
ficiently high  for  lighting  purposes.  The  frequency  employed  in  the 
Commonwealth  system  is  60  cycles,  and  the  essential  purpose  of  the 
motor-generator  units  under  discussion  is  to  perform  this  conversion 
of  frequency  and  voltage  from  25-cycle,  9000-volt,  3-phasc  to  60- 
cycle,  4150-2400  volt,  4-wire,  3-phase  energy.  Current  from  the 
25-cycle  transmission  system  is  supplied  to  the  9000-volt  bus  bars 
through  remote  controlled  Form  H3  General  Electric  Co.'s  oil 
switches.  From  these  bus  bars  energy  is  delivered  to  the  stationary 
armatures  of  the  9000-volt,  3-phase  synchronous  motors  throu.gh  re- 
mote controlled  type  K  General  Electric  Co.'s  oil  switches.  These 
motors  each  drive  a  60-cycle,  4-wire,  3-phase  generator  mounted  on 
its  shaft.  The  fourth  or  neutral  conductor  of  each  generator  is  per- 
manently connected  to  the  6o-cycle  neutral  bus  bar,  and  the  3-phase 
conductors  can  be  connected  to  either  of  two  sets  of  60-cycle  buses 
through  remote  controlled  type  K  oil  switches. 

These  bus  bars  supply  energy  to  the  various  single-phase  and  com- 
bined 4-wire,  3-phase  lighting  and  power  circuits,  radiating  in  all 
directions  from  each  of  the  60-cycle  sub-stations.  Adjacent 
60-cycle  sub-stations,  receiving  energy  from  the  same  25- 
cycle  system,  are  operated  in  parallel  when  desired,  through 
4150-2400  volt,  4-wire  tie  lines.  Provision  is  made  for 
operating  all  of  the  frequency  changing  units  in  each  sub-station 
in  parallel  on  both  the  25-cycle  and  60-cycle  sides,  and  they  are  so 
operated  under  ordinary  conditions. 

In  each  of  the  modern  60-cycle  sub-stations  there  are  three  sets  of 
60-cycle  bus  bars,  and  the  switching  arrangements  are  such  that 
each  generator  and  each  circuit  can  be  connected  to  either  of  two 
sets  of  buses  through  remote  controlled  oil  switches.  An  electrical 
interlocking  system  is  employed  in  connection  with  the  oil  switch 
control  circuits,  to  provide  against  connecting  a  circuit  or  generator 
to  two  buses  which  are  not  in  synchronism  and  in  phase. 

The  revolving  fields  of  the  horizontal  motor-generators  are  sup- 
plied with  direct  current  from  induction  motor-driven,  compound- 
wound,  multipolar  generators,  ranging  in  capacity  from  50  kw.  to 
75  kw.  each.  The  vertical  2000  kw.  units  are  provided  with  a  100 
kw.  compound-wound  d.  c.  machine,  the  armature  of  which  is 
mounted  on  the  top  of  the  vertical  shaft.  This  d.  c.  machine  is  used 
as  a  motor  for  starting  the  unit,  and  as  an  exciter  after  the  9000- 
volt  motor  is  connected  to  and  running  in  synchronism  with  the 
generators  at  the  power  house. 

The  horizontal  units  are  started  in  the  following  manner :  A 
starting  compensator,  consisting  of  an  auto-transformer,  is  con- 
nected through  an  oil  switch  to  the  9000-volt  bus  and  to  the  starting 
bus.    The  compensator  delivers  3-phase  current  at  about  2700  volts 
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to  the  starting  bus,  to  which  the  motor  to  be  started  is  connected 
through  a  remote  controlled  oil  switch.  With  the  field  circuit  of 
the  motor  open,  it  wull  start  in  a  manner  similar  to  that  of  an  in- 
duction motor  under  similar  circumstances.  As  soon  as  the  motor  is 
up  to  speed  its  fields  are  excited,  and  it  is  disconnected  from  the 
starting  bus  and  immediately  connected  to  the  9000-volt  bus.  The 
field  rheostat  of  the  motor  is  then  adjusted  to  obtain  unity  power 
factor,  after  which  the  fields  of  the  generator  are  excited  and  the 
generator  synchronizing  circuits  closed,  to  determine  whether  the 
incoming  generator  is  in  phase  with  those  already  connected  to  the 
60-cycle  bus  and  carrying  load.  As  the  motor  has  five  pairs  of  poles 
and  the  generator  has  twelve  pairs,  there  is  only  one  out  of  the  pos- 
sible five  conditions  in  which  the  motor  may  be  running  in  syn- 
chronism with  the  transmission  system  which  will  correspond  to 
the  proper  phase  position  of  the  generator  with  reference  to  the 
other  generators  already  in  operation.  That  is,  if  the  incoming 
generator  does  not  happen  to  be  in  phase  with  the  other  generators, 
it  becomes  necessary  to  slip  the  synchronous  motor  back  one  pair, 
two  pairs,  three  pairs,  or  four  pairs  of  poles,  as  indicated  by  the  60- 
cycle  synchronizer. 

This  operation  is  performed  in  the  following  manner :  The  motor 
is  disconnected  from  the  9000-volt  bus  by  means  of  its  remote  con- 
trolled oil  switch,  and  as  soon  as  disconnected  its  speed  will  com- 
mence to  fall,  causing  the  25-cycle  synchronizer  hand  to  gradually 
move  away  from  the  point  indicating  synchronism  between  the 
motor  and  the  transmission  system.  When  the  synchronizer  hand 
has  made  one  complete  revolution  and  at  the  instant  synchronism  is 
again  indicated,  the  motor  oil  switch  is  closed,  thus  again  locking  the 
motor  in  synchronism  with  the  line.  This  operation  is  repeated  as 
many  times  as  necessary  (never  more  than  four  times)  to  bring 
the  generator  in  phase  with  the  generators  in  operation.  The  poten- 
tial of  the  incoming  generator  is  then  properly  adjusted,  after  which 
it  is  connected  in  parallel  with  those  already  in  operation,  by  closing 
its  remote  controlled  K  oil  switch.  The  incoming  generator  will 
automatically  pick  up  its  share  of  the  kilowatt  load,  but  the  proper 
division  of  the  ampere  load  requires  careful  manipulation  of  the 
field  rheostats  of  all  the  generators  connected  in  parallel,  in  order 
to  avoid  excessive  cross  currents  immediately  after  the  incoming 
generator  is  cut  in. 

The  procedure  employed  in  putting  the  2000  kw.  units  in  service 
is  similar  in  many  respects,  the  essential  difference  consisting  in 
the  fact  that  the  machine  is  brought  up  to  speed  by  means  of  the 
100  kw.  d.  c.  machine  directly  connected  to  the  top  of  the  shaft  of 
the  principal  machine.  After  the  revolving  element,  which  weighs 
80,000  pounds,  has  been  accelerated  to  synchronous  speed  the  25- 
cycle  motor  is  connected  to  the  starting  bus,  the  motor  fields  closed, 
etc.,  etc.,  in  the  manner  already  described.  The  synchronous  speed 
of  these  machines  is  300  rev.  per  min. 
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All  of  the  induction  motor-driven  exciter  units  are  protected  by 
overload  relays  connected  to  current  transformers  in  the  high  ten- 
sion, 3-phase  leads,  in  the  same  manner  as  for  motor-generator  and 
rotary-converter  units.  These  exciter  relays  are  set  to  act  at  about 
300  per  cent,  overload,  the  high  setting  "being  adopted  to  guard 
against  losing  excitation  except  in  case  of  extremely  serious  trouble 
in  the  exciter  unit,  requiring  that  it  be  immediately  and  automatical- 
ly disconnected  from  the  9000-volt  bus. 

In  the  large  60-cycle  sub-stations  there  are  several  exciter  sets,, 
all  of  which  can  be  operated  in  parallel  on  the  d.  c.  exciter  buses, 
or  each  may  be  operated  independently  on  one  of  three  sets  of 
d.  c.  buses.  The  essential  purpose  of  the  several  exciter  buses  is  to 
provide  for  the  automatic  regulation  of  the  terminal  voltage  of  the 
generator  by  means  of  a  Tirrill  regulator.     Through  a  system  of 
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a.  c,  d.  c,  and  differential  relays  and  solenoids  the  Tirrill  regu- 
lator at  frequent  intervals  short  circuits  the  rheostat  in  the  shunt 
field  circuit  of  the  exciter  which  is  supplying  the  field  current  of  the 
6o-cycle  generators,  which  are  under  the  control  of  the  automatic 
regulator.  The  short  circuiting  of  the  exciter  rheostat  has  the  effect 
of  increasing  the  voltage  on  the  d.  c.  exciter  bus,  and  this  in  turn 
increases  the  field  excitation  of  the  6o-cycle  generators,  thereby  in- 
creasing the  voltage  of  the  6o-cycle  bus  to  which  they  are  connected. 

In  order  to  increase  the  range  of  action  of  the  Tirrill  regulator, 
the  field  rheostats  of  the  6o-cycle  generators  are  all  cut  out  while 
under  the  control  of  the  regulator.  Under  these  conditions,  if  the 
exciter  rheostat  were  to  be  permanently  short  circuited,  the  exciter 
voltage  would  promptly  build  up  to  its  maximum  value  and  re- 
main there,  causing  the  voltage  of  the  6o-cycle  generators  to  rise  to 
the  highest  value  which  they  are  capable  of  delivering,  and  to 
remain  at  that  value,  aft'ected  only  by  changes  in  load.  Now,  if  the 
short  circuit  across  the  exciter  rheostat  were  permanently  removed, 
thereby  including  in  its  field  circuit  all  of  the  resistance  in  the 
rheostat,  its  d.  c.  voltage  would  fall  to  a  minimum,  as  would  also 
that  of  the  generators,  thus  delivering  a  very  low  voltage  to  the  60- 
cycle  bus  bars.  It  will  readily  be  seen  that  the  terminal  voltage  of 
the  60-cycle  generators  between  these  extreme  limits  may  be  con- 
trolled at  will  by  intermittently  retaining  the  short  circuit  across 
the  exciter  rheostat  during  a  definite  percentage  of  time,  correspond- 
ing to  each  definite  voltage  within  the  limits  referred  to.  The  Tir- 
rill regulator  automatically  controls  the  frequency  and  duration  of 
the  short  circuits  across  the  exciter  rheostat.  With  every  heavy  60- 
cycle  load  swing  the  regulator  will  instantly  short  circuit  the  ex- 
citer rheostat,  and  this  short  circuit  will  continue  until  the  60-cycle 
bus  pressure  is  up  to  standard,  w^hen  the  intermittent  action  of  auto- 
matically removing  and  replacing  the  short  circuit  will  continue  at 
a  constant  frequency  and  duration  of  contact  until  the  next  change 
of  60-cycle  load  occurs.  In  case  of  a  reduction  in  the  60-cycle  load, 
the  regulator  action  is  the  reverse  of  that  just  described. 

The  regulator  can  be  adjusted  to  automatically  maintain  a  con- 
stant standard  voltage  on  the  60-cycle  buses,  or  to  deliver  a  uni- 
formly increasing  voltage  wdth  increasing  load.  At  least  two  exciter 
sets  are  required  in  connection  with  the  operation  of  motor-gene- 
rators controlled  by  a  Tirrill  regulator,  as  the  voltage  applied  to  the 
generator  fields  is  necessarily  variable,  while  that  applied  to  the 
motor  fields  must  be  more  nearly  constant  in  order  to  maintain  unity 
power  factor.  Therefore,  at  least  one  exciter  must  be  independently 
operated  on  the  generator  exciter  bus  bars,  while  another  must  be 
independently  hand  regulated  and  connected  to  the  motor  fields 
through  the  motor  exciter  bus. 

The  remaining  or  third  exciter  bus  previously  referred  to  may 
be  used  to  excite  one  or  more  generators  not  subject  to  the  control 
of  the  Terrill  regulator. 
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Each  of  the  6o-cycle  circuits  are  equipped  with  remote  controlled 
regulators,  some  of  which  are  automatic  in  their  action,  thereby 
maintaining  a  constant  voltage  at  the  center  of  distribution  of  the 
circuit  at  all  times,  regardless  of  the  variable  load  on  the  circuit. 
Formerly  pressure  wires  were  connected  to  the  center  of  distribu- 
tion of  each  6o-cycle  circuit,  and  run  back  to  the  station,  where  they 
were  connected  to  a  voltmeter,  the  indications  of  which  were  used  as 
a  guide  in  regulating  the  pressure  applied  to  the'  station  end  of  the 
feeder,  so  as  to  maintain  a  constant  voltage  at  the  system  end.  In 
all  modern  practice,  no  such  pressure  wires  are  used,  but  the  circuit 
voltmeter  is  caused  to  indicate  the  potential  at  the  end  of  the  circuit 
through  the  medium  of  a  line  drop  compensator  for  each  circuit, 
located  in  the  same  sub-station.  This  line  drop  compensator  is 
essentially  a  miniature  artificial  circuit,  possessing  all  of  the  charac- 
teristics of  resistance  and  reactance  of  the  circuit  to  which  it  is 
connected.  Current  derived  from  a  series  transformer,  connected 
in  the  6o-cycle  circuit,  is  passed  through  this  artificial  circuit,  and 
the  drop  through  same  effects  the  indications  of  the  voltmeter,  which 
receives  current  from  a  potential  transformer  and  through  the  arti- 
ficial circuit. 

The  automatic  6o-cycle  circuit  regulators  referred  to  are  actuated 
through  relays,  which  are  in  turn  automatically  governed  by  the 
line  drop  compensators  in  a  manner  similar  to  that  described  in 
connection  with  the  compensated  voltmeter. 

In  conclusion,  it  need  be  said  that  this  whole  subject  has  been 
treated  in  a  largely  superficial  manner,  by  reason  of  the  necessarily 
limited  time  available  for  its  presentation  during  a  single  evening. 
Any  one  of  the  various  features  of  construction  or  operation  re- 
ferred to  might  well  be  made  the  subject  of  a  paper,  but  in  preparing 
a  general  treatment  of  the  whole  subject  it  was  hoped  that  it  would 
be  of  more  general  interest  than  would  have  been  the  case  if  some 
special  feature  had  been  adhered  to  as  the  subject  of  the  discussion. 

Discussion. 

Mr.  D.  W.  Roper — m.w.s.e. — Mr.  Smith,  in  his  paper,  has  told  a 
great  many  things  in  regard  to  the  development,  growth  and  opera- 
tion of  a  large  system.  There  is,  however,  one  feature  in  connection 
with  such  a  system  to  which  he  has  not  referred,  and  that  is  the 
human  element  involved.  The  man  who  designs  the  machinery, 
the  mechanic  who  builds  it,  as  well  as  the  engineer  and  draughtsmen 
who  lay  out  the  sub-station  and  produce  complicated  wiring  dia- 
grams, the  workmen  who  install  the  machinery,  the  men  who  in- 
stall and  connect  the  distribution  system,  all  have  an  opportunity 
to  perform  their  respective  duties.  If  each  one  is  skillful,  diligent 
and  faithful  in  his  part,  then  we  have  a  complete  distributing  sys- 
tem, and  the  public  secures  an  uninterrupted  and  unvarying  supply 
of  current  for  its  purposes.  If,  however,  any  of  those  who  were 
employed  in  designing  or  constructing  the  svstem  are  neglectful  or 
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careless  in  their  part,  interruptions  to  the  service  will  occur.  At 
each  interruption  the  pessimist  is  inclined  to  hail  it  as  another  ex- 
ample of  the  frailty  of  human  nature,  the  greed  of  graft,  etc.,  but 
those  who  are  familiar  with  some  of  the  difficulties  to  be  overcome 
would  be  more  inclined  to  look  upon  the  absence  of  such  interrup- 
tions as  the  proof  of  the  integrity  of  human  nature.  It  is  only  by  co- 
operation of  all  those  involved  in  the  design,  construction  and  opera- 
tion of  such  a  system  that  the  desired  results  can  be  produced,  and 
in  comparing  the  results  of  several  systems,  that  system  is  most  suc- 
cessful which  can  deliver  the  current  to  its  customers  with  the  great- 
est steadiness,  with  the  fewest  interruptions,  and  the  largest  divi- 
dends to  the  stockholders. 

Mr.  H.  R.  King — m.w.s.e. — I  have  listened  to  ]\Ir.  Smith's  paper 
with  a  great  deal  of  interest,  and  am  sure  I  have  been  very  much 
benefited.  One  thing  that  impressed  me  greatly  was  the  com- 
paratively short  time  in  which  this  magnificent  system  has  been 
developed.  It  is  practically  within  the  time  of  the  memory  of  all  of 
us  that  this  development  has  taken  place.  It  has  been  one  from  a 
system  of  comparatively  simple  design  and  operation,  having  the  in- 
dividual sw^itches  operated  directly  by  the  attendant  and  not  by  the 
remote  control  mechanisms,  and  using  no  protective  devices  (which 
were  probably  not  needed)  to  a  complicated  system,  to  the  unin- 
itiated, requiring  numerous  protective  devices,  and  great  skill  in 
operating.  As  Mr.  Roper  has  said,  the  human  element  must  neces- 
sarily enter  greatly  into  its  successful  operation.  In  looking  back 
over  this  rapid  development  we  cannot  but  wonder  what  the  future 
has  in  store  for  us.  We  see  from  the  paper  tonight  that  the  develop- 
ment has  been  from  the  ordinary  reciprocating  engine  to  the  steam 
turbine,  having  higher  efficiency,  less  floor  space,  and  more  uniform 
operation.  In  the  future  we  may  see  more  complicated  develop- 
ments, attended  with  a  more  complicated  plant  arrangement.  The 
gas  engine  is  coming  into  use,  and  it  has  great  claims. 

The  development  during  the  next  ten  years  of  large  power  plants, 
such  as  we  have  had  described  tonight,  will  be  watched  with  inter- 
est, and  no  doubt  a  paper  on  this  subject  at  that  time  will  be  full 
of  surprise  when  considered  from  our  present  view  point. 

Mr.  C.  A.  S.  Hozvlctt — m.w.s.e. — Mr.  King  touched  on  a  point  that 
was  in  my  mind.  My  work  is  more  along  the  lines  of  Sales  Engineer 
than  purely  technical  engineering,  and  I  want  to  bring  out  the  fact 
that  when  an  organization  can  develop  its  business  in  from  eight  to 
ten  years  from  300  kw.  to  70,000  kw.,  there  is  some  opportunity  for 
good  business  men  as  well  as  engineers.  I  do.  not  think  engineers" 
have  developed  in  the  same  ratio.  I  say  this  for  the  benefit  of  some 
who  are  looking  at  the  commercial  end  of  this  work. 

Mr.  E.  F.  Bracken — One  of  the  most  interesting  subjects  is  the 
60-cycle  system.  By  referring  to  the  first  map  shown  on  the  screen 
you  wall  notice  that  the  little  inclosure  within  the  heavy  lines  in 
the  down-town  district  does  not  comprise  more  than  o.i  of  the  area 
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of  the  whole  city.  In  other  words,  the  low  tension  district  is  only  a 
small  part  of  the  city.  All  the  rest  of  the  city  which  is  supplied  at  all 
is  supplied  by  a.  c.  current,  6o-cycle  system.  While  the  load  in  that 
district  is  not  as  great  as  the  low  tension  load,  there  are  a  larger 
number  of  customers,  and  the  number  of  profitable  customers  in 
that  district  makes  it  very  important  that  the  system  should  be  kept 
up  in  good  shape. 

These  sub-stations  in  that  field  are  somewhat  in  the  shape  of  a 
crescent.  In  other  words,  if  we  would  draw  roughly  a  crescent 
around  the  outside,  we  would  pass  through  all  the  six  sub-stations. 
They  are  all  located  rather  closely  to  the  low  tension  district,  but 
that  is  on  account  of  convenience  of  transmission,  and  they  supply 
a  great  area,  by  means  of  3-phase  4-wire  system.  The  sub-stations 
are  equipped  with  three  different  kinds  of  units,  and  the  total  capac- 
ity is  14,500  kw.,  and  there  is  to  be  another  one  of  2,000  kw.  These 
stations  are  all  tied  together,  so  arranged  that  we  could  parallel  all 
the  six  stations  at  one  time  if  desired,  or  could  until  quite  recently. 
This  made  it  possible  to  transmit  current  from  one  station  to  an- 
other. While  we  can  parallel  motor  generators  on  the  same  bus, 
they  are  not  capable  of  dividing  their  kw.  load  except  in  fixed  ratios. 
It  is  possible  to  divide  the  current  load  nicely,  shift  load  from  one 
to  the  other,  and  run  one  at  a  high  power  factor  and  the  other  at 
less  power  factor  if  wished.  The  machines  are  always  paralleled 
on  the  60-cycle  end,  after  they  are  in  phase  with  the  25-cycle  sys- 
tem, and  the  necessity  of  getting  them  actually  in  phase  means  that 
it  is  necessary  to  take  special  pains  to  see  that  they  do  not  develop 
any  cross  current.  It  will  not  do  to  have  the  fields  keyed  on  a 
shaft  at  random.  If  one  should  lead  the  other  in  phase,  then  this 
machine  would  pick  up  more  than  its  share  of  the  load.  If  one  leads 
a  little  they  cannot  be  operated  in  parallel  satisfactorily.  When  ma- 
chines are  to  be  paralleled  they  may  be  differently  phased  by  as 
much  as  20,  30  or  40  deg.,  a  machine  already  in  operation  being  held 
back  by  the  load.  However,  as  soon  as  the  machines  are  paralleled, 
the  kw.  load  is  distributed  in  proper  proportion  and  this  difference 
in  phase  no  longer  exists. 

The  machines,  as  pointed  out,  have  a  very  elaborate  system  of 
protection ;  this  is  also  extended  to  the  circuit.  It  is  generally  in- 
tended that  the  circuit  should  open  up  rather  than  that  the  machine 
should  shut  down. 

Mr.  P.  Jnnkcrsfcld — m.w.s.e. — This  is  a  subject  in  which  I  have 
been  much  interested  for  a  good  many  years,  and  for  about  twelve 
years  I  have  been  closely  associated  with  work  along  that  line. 

I  want  to  make  one  correction  in  connection  with  the  remarks 
made  by  Mr.  Howlett.  The  system  has  not  grown  quite  as  fast  as 
he  had  in  mind.  It  is  eighteen  years  instead  of  eight  years  in  which 
it  grew  from  300  to  70,000  kw. 

Mr.  Roper  has  touched  on  the  most  important  thing  that  comes 
ttp  m  connection  with  any  large  undertaking  or   engineering  de- 
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velopment.  From  the  time  of  the  earHest  conception  of  the  ma- 
chine, so  much  thought  has  to  be  given  all  along  the  line,  and  so 
many  different  kinds  of  labor  enters  into  the  work,  that  a  final  result 
which  will  be  the  best  obtainable  is  a  very  difficult  matter.  In  a 
large  manufacturing  establishment,  such  a  machine  in  its  course 
from  concept  to  finished  product  probably  passes  through  a  dozen 
diiterent  departments,  and  heads  and  sub-heads, — men  who  con- 
tribute a  vital  and  essential  part  to  the  success  of  that  machine. 
Both  before  and  after  the  machine  leaves  the  manufacturing  estab- 
lishment, the  designing  engineers,  the  people  who  lay  out  the  sta- 
tion, and  the  people  who  operate  the  station,  must  all  contribute 
conscientious  and  enthusiastic  eitort. 

The  City  of  Chicago  might  be  said  to  be  fan-shaped ;  everybod}- 
wants  to  go  to  or  from  State  and  Madison  streets  and  at  the  same 
time.  The  lighting  and  power  load  in  that  vicinity  is  the  most  dense 
and  it  tapers  off  as  we  get  away  from  that  point.  The  real  dense 
area  is  less  than  one  square  mile ;  then  the  area  covered  by  direct 
current  distribution  is  15  to  18  square  miles;  and  then,  beyond  that, 
is  another  area  or  "third  zone,"  of  something  like  120  or  130  miles, 
which  is  already  fairly  well  covered  by  a.  c  distribution. 

If  Chicago  is  going  to  grow  in  the  manner  predicted  by  people 
who  have  given  the  subject  thought, — grow  to  a  point  where  it  will 
reach  5,000,000  population  and  within  the  lives  of  most  of  us  here — 
many  changes  will  have  to  be  brought  about  and  many  greater  de- 
velopments. The  systems  already  laid  out  will  undoubtedly  answer 
very  well  (barring  unusual  developments,  of  course),  for  many 
years;  but  if  Chicago  is  going  to  reach  5,000,000  population,  some 
of  our  present  surrounding  prairies  will  have  to  become  populated, 
and  they  will  demand  light  and  power ;  this  would  result  in  a  "fourth 
zone."  Experience  thus  far  indicates  that  20  to  25  thousand  volts 
transmission  underground  is  feasible  and  successful.  At  this  time 
we  are  seriously  considering  a  higher  voltage  underground  transmis- 
sion for  this  "fourth  zone,"  and  in  fact  have  started  on  one  instal- 
lation where  we  will  have  20,000  volts.  So  while  work  has  begun 
along  definite  lines,  there  are  a  great  many  problems  ahead  of  us, 
and  a  great  many  more  will  come  up  within  a  few  years. 

Mr.  R.  F.  Schuchardt — m.w.s.e. — There  is  one  point  that  occurs 
to  me  in  connection  with  this  paper,  and  Mr.  Smith  just  hinted  at 
this  when  he  said  that  those  two  pigmy  rotaries  at  the  Twenty-sev- 
enth Street  sub-station  are  still  operating  and  giving  excellent  satis- 
faction. It  is  of  interest  to  nDte  that  the  development  in  electrical 
machinery  during  the  period  mentioned  in  !Mr.  Smith's  paper  is 
largely  of  increase  in  size  rather  than  improvement  in  electrical 
design.  Machines  built  even  earlier  than  those  rotaries  ar6  still  in 
operation,  and  are  of  fairly  good  efficiency  considering  their  size. 
There  have  been  some  improvements  in  iron  used  for  electrical 
purposes,  but  the  men  who  designed  the  early  dynamos  built  wisely 
and  well.    This  is  illustrated  nicely  by  the  original  bi-polars  of  Edi- 
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son,  which  have  a  capacity  of  some  60  lights.  These  units  compare 
very  favorably  in  efficiency  with  units  of  the  same  capacity  built  in 
recent  times. 

The  development,  then,  in  size  is  very  interesting  to  trace.  Start- 
ing out  we  have  these  60  light  machines  in  about  1879;  jumping  to 
the  time  the  Harrison  Street  station  was  started,  we  find  the  then 
famous  "white  elephant"  of  some  1200  H.  P.,  and  now  we  have 
at  Fisk  Street  station  units  of  nearly  20,000  H.  P.  maximum  capac- 
ity. These  latter  impress  us  all  the  more  when  we  remember  that 
in  1893  the  immense  E.  P.  Allis  engine  exhibited  at  the  World's 
Fair  was  rated  at  just  2000  H.  P. 

Mr.  King — I  would  ask  if  any  figures  have  ever  been  gotten 
up  as  to  the  percentage  of  increase  in  capacity  of  Edison  plants,' 
as  related  to  the  percentage  of  increase  in  population  of  the  city  of 
Chicago?  For  instance,  when  we  have  arrived  at  5,000,000  popula- 
tion, about  what  H.  P.  of  electrical  energy  will  be  required? 

Mr.  J  linkers  fcid — This  must  be  largely  a  matter  of  conjecture. 
With  the  very  great  improvements  made  in  the  year  just  past,  it  is 
likelv  that  the  increase  will  be  much  more  rapid — for  a  time  at  least 
— than  in  the  past.  I  am  referring  to  lights  per  capita.  Mr.  Smith 
stated  that  at  the  present  time  the  electrical  energy  measured  as  16 
c.  p.  lamps  is  something  in  excess  of  3,000,000,  and  that  the  popula- 
tion served  is  2,000,000,  but  in  the  past  the  ratio  has  been  not  nearly 
so  great.    What  it  will  be  in  the  future  is  entirely  conjecture. 

Mr.  I.  H.  Warder — m.w.s.e. — In  connection  with  the  statement 
that  the  plants  at  the  Fisk  Street  and  Harrison  Street  stations  are 
reaching  an  area  of  12  to  15  miles  in  certain  directions  to  this  third 
zone,  I  would  ask  how  much  further  you  can  carry  this  electric 
current  economically?  Or,  if  there  is  to  be  an  urban  development 
bevond  that  15  miles,  will  it  not  be  desirable  to  install  other  plants 
somewhat  after  the  pattern  of  the  Fisk  Street  station,  but  further  out 
into  that  new  zone? 

Mr.  Junkersfeld — That  depends  entirely  on  the  economy  that  can 
be  secured  from  those  other  plants.  If  there  is  difference  enough 
in  station  economy  it  will  pay  to  transmit  almost  any  distance. 
Imagine,  for  instance,  a  station  where  generating  cost  was,  say, 
three  or  four  times  as  great  as  at  the  Fisk  Street  station.  In  that 
case,  even  with  underground  transmission,  we  might  transmit  from 
Fisk  Street  well  into  this  outer  zone,  or  fourth  zone.  There  are  two 
things  that  the  economical  length  of  transmission  depends  on :  First, 
difference  in  levels  or  annual  operating  costs,  and,  second,  the  fixed 
charges  and  losses  on  the  link  connecting  those  two. 

Mr.  Warder — Would  there  be  any  difficulty  in  installing  another 
plant  out  on  the  Des  Plaines  river,  for  instance? 

Mr.  Junkersfeld — ^Yes,  for  the  reason  that  we  could  not  get  a 
large  plant  out  there ;  there  is  not  load  enough  within  reach.  In 
those  large  plants  there  is,  of  course,  more  economy  than  in  the 
small  ones. 
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Mr.  Roper — Referring  to  Mr.  King's  question,  the  rate  of  growth 
of  the  combined  Chicago  Edison  and  Commonwealth  companies  was 
approximately  *at  the  rate  of  lo  fold  in  ten  years — looo  per  cent, 
in  ten  years — while  the  growth  in  population  is  something  like  30 
per  cent.,  so  that  the  rate  of  growth  in  the  electrical  business  has  far 
exceeded  the  rate  of  growtlj  in  population.  This  is  due  in  part  to 
the  territory  covered  by  the  distribution  system  having  increased, 
and  to  as  large,  or  possibly  a  much  larger  extent  by  reduction  in 
rates,  broadening  the  field  in  which  the  electricity  is  used.  The  re- 
duction in  rates,  of  course,  cannot  continue  indefinitely.  The  rates 
can  be  low^ered  for  some  years,  but  each  reduction  increases  the 
field  of  usefulness  of  the  current,  and  until  we  have  arrived  at  the 
minimum  point  in  the  rates,  and  have  all  the  territory  covered,  we 
cannot  look  for  any  constant  ratio  between  the  rate  of  growth  in  sys- 
tem and  rate  of  growth  in  population. 

Mr.  Smith — The  development  and  improvement  in  the  incandes- 
cent lamps  will  have  a  very  important  influence  upon  this  growth  of 
demand  for  electric  lighting.  For  greater  economy  and  higher 
efficiency  in  illumination  the  Tantalum  and  the  Tungsten  lamps  are 
now  the  most  prominent  to  be  considered. 


EXCDRSICN  WESTERN  SOCIETY  OF  ENGINEERS  TO  UNIVERSITY  OF  ILLINOIS, 

MAY  11,  1907. 

A  party  of  members  of  the  Western  Society  of  Engineers  and  their 
friends,  numbering  nearly  one  hundred,  took  advantage  of  an  invi- 
tation from  the  Faculty  of  the  College  of  Engineering,  University 
of  Illinois  to  visit  that  institution  Saturday,  May  nth. 

Through  the  courtesy  of  the  Illinois  Central  Railroad  Company  a 
special  rate  was  secured,  and  also  the  *ise  of  special  cars  which  were 
attached  to  the  regular  train  leaving  the  city  at  10  a,  m.  and  arriving 
at  Champaign  about  i  p.  m,,  lunch" having  been  served  on  the  train. 
The  party  was  immediately  conducted  to  the  University  Campus, 
where  a  tour  was  made  of  the  Campus  and  a  view  of  the  general  lay- 
out of  the  University  obtained  (the  ladies  of  the  party,  about  ten  in 
number,  being  first  given  an  automobile  tour  of  the  two  cities  of 
Champaign  and  Urbana).  The  parties  were  united  at  the  Woman's 
Building — which  is  devoted  exclusively  to  the  use  of  the  women  of 
the  University,  and  containing  in  addition  to  a  splendid  Gymnasium 
and  swimming  tank,  a  Domestic  Science  department  and  other  de- 
partments devoted  particularly  to  the  women  students.  After  this 
the  party  was  conducted  through  the  Library  and  then  to  the  group 
of  engineering  buildings,  consisting  of  Woodshops.  Metal  Shops, 
Electrical  Laboratory,  Heating  Plant.  Pumping  Plant,  Materials 
Testing  Laboratory,  Engineering  Building,  Mechanical  Engineering 
Laboratory,  and  Hydraulic  Laboratory.  Here  addresses  were  made 
bv  the  heads  of  the  various  engineering  departments,  after  which 
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various  tests  and  demonstrations  were  made  for  the  benefit  of  the 
visitors. 

Prof.  Brooks  provided  a  demonstration  of  a  method  of  synchroniz- 
ing- two  ahernators  without  regard  to  their  phase  relation ;  machines 
were  connected  in  parallel  out  of  step,  but  by  means  of  the  device 
employed  they  brought  themselves  into  synchronism  without  dis- 
turbance. This  is  accomplished  by  inserting  a  reactance  coil  in  the 
circuit  of  the  incoming  machines.  .There  was  also  exhibited  a  me- 
chanical phase  indicator  used  for  demonstrating  to  students  the  me- 
chanical meaning  of  synchronous  operation  of  alternators.  Two 
alternators  with  their  shafts  in  line  were  connected  mechanically 
through  a  differential  bevel  gear.  When  the  two  machines  are  run- 
ning at  the  same  speed  (in  opposite  directions),  the  frame  holding 
the  intermediate  gear  remains  stationary.  When  the  machines  are 
synchronously  driven  by  the  same  alternating  current  this  position 
is  fixed  at  the  four  quadrants,  as  was  shown  by  the  tests.  The  slight 
difference  in  phase  relation  of  a  machine  running  as  a  generator  and 
as  a  motor  was  also  shown. 

In  the  ]\Iaterials  Testing  Laboratory  (under  the  direction  of  Prof. 
Talbot)  an  exhibition  was  given  of  the  m.ethod  of  testing  reinforced 
concrete  beams,  columns,  rings,  etc.  A  test  was  made  on  a  concrete 
column  reinforced  with  bands  or  hoops.  A  48-inch  cast  iron  culvert 
pipe  8  ft.  long,  embedded  in  sand,  was  tested  by  subjecting  it  to  ex- 
ternal pressure.  Experimental  work  in  the  Hydraulic  Laboratory 
was  also  in  progress. 

At  the  close  of  this  general  inspection  tour,  the  party  was  divided 
into  groups,  thus  seeing  more  in  detail  those  things  which  interested 
them  most.  Part  of  the  visitors  were  guests  at  the  base,  ball  game 
between  the  teams  of  the  University  of  Illinois  and  of  the  University 
of  Chicago ;  another  group  took  a  trip  on  the  Electric  Test  Car,  etc. 

Thanks  are  due  Mrs.  A.  N.  Talbot  and  Mrs.  Morgan  Brooks  for 
their  courtesy  in  all  they  did  for  the  entertainment  of  the  ladies  of 
the  party. 

The  train  left  Champaign  for  Chicago  about  6  p.  m.,  arriving  at 
9:45.    Dinner  was  served  enroute. 

The  trip  was  one  of  the  pleasantest  we  have  had  for  some  time,  all 
of  the  provisions  for  the  comfort  and  pleasure  of  the  party  being  well 
looked  after.  P.  B.  C. 


IN  MEMORIAM. 


Harmox  Truemax — March  22Xd,  1907. 

Harmon  Trueman  was  born  at  Truemanville,  Nova  Scotia,  October 
28th,  i860. 

He  attended  the  public  school  at  Truemanville  until  seventeen 
years  of  age,  and  during  the  subsequent  four  years  was  a  student  at 
Amherst  Academy,  Amherst.  Xova  Scotia.  The  two  following  years 
were  spent  at  Dalhousie  College,  Halifax,  and  in  1883  he  entered 
McGill  University,  Montreal,  and  graduated  in  April  1886  with  the 
degree  of  Bachelor  of  Applied  Science. 

From  July  1886  to  March  1889  he  acted  as  Assistant  Engineer  on 
the  Chicago,  Madison  &  Northern  Railroad,  and  from  May  1889  to 
July  1890  was  one  of  the  Assistant  Engineers  for  the  St.  Louis  Mer- 
chants Bridge  Company. 
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From  July  1890  to  August  1892  he  served  in  the  Engineering  De- 
partment of  the  IlHnois  Central  Railroad.  In  August  of  the  same 
year,  Mr.  Trueman  entered  the  service  of  the  Morden  Frog  &  Cross- 
ing Works  of  Chicago  and  remained  with  that  firm  until  his  death, 
being  Chief  Engineer  of  the  Company  for  the  last  ten  years. 

He  was  elected  a  member  of  the  Western  Society  of  Engineers 
January  19th,  1897  and  was  also  affiliated  with  the  following  Masonic 
bodies :  Oriental  Lodge  No.  33,  La  Fayette  Chapter  No.  2,  Palestine 
Council  No.  66,  of  which  he  was  Past  T.  L  M.,  and  Apollo  Com- 
mandry  No.  i. 

He  died  in  Chicago  on  March  22nd,  1907  of  heart  failure,  and  was 
buried  at  Amherst,  Nova  Scotia. 

Mr.  Trueman  was  a  man  of  few  words  and  of  an  exceptionally 
quiet  and  reserved  nature,  but  to  the  few  who  knew  him  intimately, 
he  was  a  staunch  and  faithful  friend.  To  those  in  need  he  was  always 
ready  to  lend  a  helping  hand. 

In  his  chosen  profession  he  was  an  acknowledged  authority  on  the 
multiplicity  of  detail  pertaining  to  frog  and  switch  work,  and  will  be 
greatly  missed  by  his  friends  and  business  associates. 

Arthur  C.  Smith, 
E.  N.  Layfield. 


PROCEEDINGS  OF  THE  SOCIETY. 

MINUTES  OF  THE  REGULAR  MEETING,  May  i,  1907. 

A  regular  meeting  of  the  Society  (No.  604)  was  held  Wednesday  even- 
ing, May  1st,  1907. 

The  meeting  was  called  to  order  at  8.20  p.  m.  with  President  Abbott 
in  the  Chair,  and  about  80  members  and  guests  present.  The  Minutes  of 
the  meeting  of  April  3rd  were  read  and  approved. 

The  Secretary  reported  from  the  Board  of  Direction,  that  at  their  meet- 
ing of  April  30th,  the  following  were  duly  elected  into  membership: 

Henry  J.   Sawtell,   Chicago Junior 

George   F.   Gebhardt,   Chicago Active 

Ernest   Edward    Meier,    Chicago Junior 

Grant  Beebe,  Chicago Active 

John  C.  Gustafson,   Chicago Junior 

Wilbur    M.    Wilson^    Ames,    Iowa Active 

John  C.  Thorpe,  Urbana,  111 Active 

Edward    T.    Bent,    Chicago Associate 

Knud  N.   Hojgaard,  Chicago Active 

George    Bright,    Elmhurst,    111 Junior 

The  Secretary  also  reported  the  following  as  having  applied  for  mem- 
bership in  the  Society: 

F.  L.  Anders,  Milwaukee,  Wis Active 

George   T.   Donoghue,   Chicago Junior 

A.  Lewis  Burridge,   Escanaba,  Mich Junior 

Roy  M.  Henderson,  Boston,  Mass Active 

Linn    White,    Chicago Active 

Jerre  T.  Richards,  Edison  Park,  111 Active 

Ernest  D.   Kahlert,   Chicago Junior 

Roy    C.    Mitchell,    Chicago Junior 

Harold  G.   Tregillus,   Chicago Junior 

William  A.  Field,   Chicago Active 

George   W.    Wilder,    Chicago Active 

Also  the  following  names  as  having  been  submitted  and  whose  applica- 
tions were  expected  in   the  immediate   future : 

A.  B.  Boyer,  Chicago. 

J.  R.  Deardurff,  Chicago. 

H.  J.  Ludwig,  Evanston. 

W.   E.    H.    St.   Lawrence,   Chicago. 

J.   B.   Mclntrye,    Chicago. 

C.  R.   Salisbury,  Chicago. 

W.  H.  Reinecke,  Chicago. 

The  Secretary  also  reported  that  the  following  persons  had  been  ap- 
pointed a  committee  to  award  the  Chanute  Medals  for  the  best  papers 
presented  before  the  Society  in  1906  in  Civil,  Mechanical  and  Electrical 
Engineering:  Mr.  B.  J.  Arnold,  Past  President,  and  Messrs.  B..  E.  Grant 
and  C.   E.    Sargent. 

There  being  no  other  business  to  bring  before  the  Society,  the  Chairman 
introduced  Prof.  Robert  H.  Fernald  of  St.  Louis,  who  presented  his  paper 
on  "The  Present  Status  of  the  Producer-Gas  Power  Plant  in  the  United 
States.'  This  full  and  elaborate  paper  had  been  printed  and^  sent  out  in 
advance,  so  it  was  not  read,  but  by  the  aid  of  numerous  lantern  slides  in 
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illustration,  the  author  gave  the  substance  of  the  paper  in  an  off-hand 
talk.  The  Secretary  then  read  communications  from  Messrs.  T.  W.  Snow 
and  W.  G.  Kirchoffer,  members  of  the  Society.  Discussion  followed  from 
President  Abbott  and  Messrs.  C.  F.  Sargent,  Lee,  Stroud.,  Bowen,  Mac- 
Farland,   Lake,  and  Bement,   with  a  closure  from   Mr.   Fernald 

On  a  motion  from  Mr.  Bement,  a  vote  of  thanks  was  tendered  Mr. 
Fernald  for  his  valuable  and  interesting  paper. 

The  meeting  adjourned  about  10.25  p.  m. 

EXTRA  MEETING;  May  15,  1907. 

An  extra  meeting  of  the  Society  (No.  605)  was  held  Wednesday  even- 
ing, May  isth,   1907. 

The  meeting  was  called  to  order  about  8:15  p.  m.  with  President  Abbott 
in  the  Chair  and  about  65  members  and  guests  present. 

There  was  no  business  to  be  brought  before  the  meeting,  so  Mr.  W.  B. 
Jackson,  M.  W.  S.  E.,  was  introduced,  who  presented  the  paper  written 
by  his  brother  Prof.  D.  C.  Jackson  of  Boston,  on  "Methods  of  Electric 
Lighting  of  Railway  Trains."  A  limited  number  of  copies  of  the  paper  had 
been  printed  in  advance  of  the  meeting,  which  were  distributed  through  the 
audience.     Lantern    slide    illustrations    were    also    used. 

The  paper  was  discussed  by  President  Abbott  and  Messrs.  King,  Cravath,. 
Freeman  and  W.  B.  Jackson. 

The  meeting  adjourned  about  10  p.  m. 

EXTRA  MEETING,  May  29, 1907. 

An  extra  meeting  of  the  Society  (No.  606)  was  held  Wednesday  even- 
ing.  May  29th,   1907. 

The  meeting  was  called  to  order  about  8.25  p.  m.  with  Vice-President 
Layfield  in  the  Chair  and  about  60  members  and  guests  present. 

There  was  no  business  to  bring  before  the  meeting,  so  Mr.  J.  W.  Schaub, 
M.  W.  S.  E.,  was  introduced,  who  read  his  paper  on  "Railway  Track  in 
the  past  and  its  possible  developments  in  the  future,"  which  was  illustrated 
with  a  number  of  lantern  slides,  showing  forms  of  track  construction  and 
also  the  fracture  of  a  number  of  broken  rails. 

Discussion  followed  from  Messrs.  Field,  Finley,  Drur>',  Layfield,  Tratman, 
Camp,  C.  V.  Weston,  Bremner,  Griswold,  Delano,  Woodward  and   Schaub. 

A  resolution  was  presented  by  Mr.  Armstrong  and  carried,  that,  as 
this  was  an  important  subject  and  had  not  been  exhausted  by  the  even- 
ing's discussion,  that  written  discussion  be  secured  as  far  as  possible,  and 
suggested  that  the  subject  be  further  considered  on  some  subsequent  evening. 

The  meeting  adjourned  about   10.20  p.   m. 

REGULAR  MEETING,  June  5,  1907. 

A  regular  meeting  of  the  Society  (No.  607)  was  held  Wednesday  evening, 
June  5th,  1907. 

The  meeting  was  called  to  order  by  President  Abbott  about  8.20 
p.  m.  with  about  50  members  and  guests  present.  The  INIinutes  of  the 
meetings  held  May  ist,   15th,  and  29th,  1907,  were  read  and  approved. 

The  Secretary  reported  from  the  Board  of  Direction,  that  at  their 
meeting  held  that  day,  the  following  had  been  elected  into  membership  in 
the  Society : 

E.  T.  Hendee,  Chicago Active 

H.    Gansslen,   Chicago Active 

F.  L.    Anders,    [Milwaukee,    Wis Active 

George  T.  Donoghue,  Chicago Junior  ' 

A.   L.   Burridge,   Escanaba,   Mich Junior 

R.  M.  Henderson,  Boston,  Mass Active 

Linn  White,  Chicago Active 
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G.   W.   Wilder,   Chicago Active 

Jerre   T.   Richards,    Chicago Active 

E.   D.   Kahlert,    Chicago Junior 

R.    C.    Mitchell,    Chicago Junior 

H.  G.  Tregillus,  Chicago Junior 

Wm.   A.   Field,   Chicago Active 

A.   B.  Boyer,  Chicago Active 

J.  R.  Deardurfif,  Chicago Active 

H.  J.  Ludwig,  Chicago Active 

James  B.    ^Iclntyre,  Gar3%   Ind Active 

W.  H.  Reinecke,  Richmond,  Cal Junior 

Chas.    R.    Salisbury,    Chicago Active 

W.   E.   H.    St.  Lawrence,   Chicago Active 

Also  that  applications  for  membership  had  been  received  from : 

E.    C.   Hasselfeldt,   Chicago,  transfer   from  Junior   to    Active 

Henry  K.   Holsman,  Chicago Active 

Llewellyn  S.  Richards,  Chicago Junior 

James  C   Hallsted,  Chicago    Active 

Ralph   C.   Llewellyn,   Chicago Junior 

Irving    Parker,    Chicago Active 

M.  H.   Dance,   Chicago Junior 

J.    Sherman   McChesney,   Chicago Junior 

The  Secretary  announced  the  death,  recently,  of  two  members  of  the 
Society, — Mr.  A.  MacArthur,  Associate,  who  died  June  ist.  and  Mr.  Wm.  D. 
Hotchkiss,  Member,  who  died  June  3rd. 

A  resolution  was  ofitered  by  Mr.  Layfield  and  duly  carried,  that  Presi- 
dent Abbott  appoint  Committees  to  prepare  memorials  of  these  members  to 
be  published  in  the  Journal. 

^Ir.  Trumbull,  of  the  Entertainment  Committee,  offered  a  resolution 
that  was  duly  carried,  that  a  vote  of  thanks,  in  the  usual  form,  be  trans- 
mitted to  J.  M.  White,  Dean,  and  the  faculty  of  the  Engineering  College, 
University  of  Illinois,  and  to  the  proper  authorities  of  the  Illinois  Central 
R.  R.,  for  courtesies  extended  to  the  Western  Society  of  Engineers  on 
the  occasion  of  their  recent  excursion  to  Champaign  and  Urbana,  111. 

On  a  suggestion  from  the  Secretary,  as  to  the  usual  practice  of  the 
Society,  a  resolution  was  introduced  and  duly  passed,  that  the  meetings 
of  the  Society  be  discontinued  during  the  months  of  July  and  August. 

The  Secretary  announced  that  the  next  meeting  of  the  Society  would  be 
held  Wednesday.  June  26th,  1907,  when  Mr.  Isham  Randolph,  Chief  Engin- 
eer, Sanitar}-  District  of  Chicago,  would  address  the  meeting  on  "The 
Work  of  the  Sanitary  District  of  Chicago  already  accomplished,  and  yet 
contemplated  South  of  the  Controlling  Works  at  Lockport." 

Mr.  C.  B.  Burdick,  M.  W.  S.  E.,  was  then  introduced  who  read  his  paper 
on  "Methods  of  Pumping  Deep  Ground  Water,"  which  had  been  printed  in 
advance.  Lantern  slide  illustrations  were  used.  Discussion  followed  from 
Messrs.  Abbott,  Layfield,  Hecht.  Spurling,  Trumbull,  Gansslen,  Mead,  Hed- 
rick,  Boardman  and  Schaub,  with  a  closure  by  Mr.  Burdick. 

The  meeting  adjourned  about    10.20  p.   m. 

J.  H.  Warder, 

Secretary. 
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CORRECTION 

In  the  Journal  for  August  1907,  Vol.  12,  No.  4,  on  page  520 
line  14,  and  page  521  line  29,  the  name  should  be  E.  L.  Cooley, 
and  not  L.  E.  Cooley  as  printed. 
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SOME  PROBLEMS  IN  WOOD  UTILIZATION  IN  THE  UNITED  STATES. 

By  R.  S.  Kellogg, 

Forest  Inspector,  U.  S.  Forest  Service. 

Presented  February  20,  190J. 

THE    SUPPLY. 

The  annual  yield  of  the  forests  of  the  United  States  reaches 
huge  proportions,  and  familiar  as  all  are  with  the  use  of  wood  for 
every  purpose  and  in  every  industry,  it  is  only  when  the  attempt 
^  made  to  properly  estimate  the  various  items  that  there  is  a  full 
."alization  of  the  important  place  the  forests  fill  in  the  national 
economy.  A  rough  estimate  of  the  quantity  and  value  of  the 
present  yearly  output  of  the  forests  is  given  below. 

AXXUAL    OUTPUT    OF    FOREST    PRODUCTS. 

Value,  Estimated  at  Point  of  Production. 

Quantity  A'alue 

Lumber,    Feet,    B.    M 35,000,000,000     $500,000,000 

Firewood,    cords    100,000,000  350,000,000 

Shingles  and  Lath   35.000.000 

Hewed  cros^-ties,   Number    70,000,000  30,000,000 

Cooperage  stock 25,000,000 

Turpentine  and  rosin   20,000,000 

Pulpwood,   cords    ' 3,000,000  15,000,000 

Round  mine  timbers,  cubic  feet 170,000,000  7,500,000 

Tanbark,  cords   1,000,000  5,000.000 

Telephone   and  telegraph  poles,    num- 
ber              "2,500,000  5.000,000 

Maple  sugar  and  sirup   2,500,000 

Wood  used  for  veneers,  feet,  B.  M.  .      200,000,000  2,000,000 

Wood  used  for  distillation,  cords....              700,000  2,000,000 

Posts,  piles,  and  other  products 3,000,000 

$1,982,000,000 

No  attempt  is  made  to  give  more  than  nearly  an  approximate 
statement  based  upon  reports  of  the  Census  and  the  Forest  Service, 
but  it  is  fairly  certain  that  the  various  items,  except  that  of  firewood, 


446 


Kellogg — IVood   Utilisation  in   U.  S. 


are  accurate  to  within  ten  per  cent.  No  satisfactory  data  have  ever 
been  collected  on  the  annual  consumption  of  wood  for  fuel.  Ac- 
cording to  an  estimate  made  by  the  Census  in  1880,  146,000,000 
cords  were  used  at  that  time,  but  in  order  to  be  conservative  and  in 
the  absence  of  reliable  information,  the  present  annual  consump- 
tion is  placed  at  100,000,000  cords. 

The  total  quantity  of  wood  which  it  was  necessary  to  cut  in 
order  to  obtain  the  products  listed  in  the  table  was  probably  about 
20  billion  cubic  feet.  It  is  probable  that  the  maximum  annual 
output  of  forest  products  for  the  country  as  a  whole  has  been 
reached,  and  that  there  will  soon  be  a  marked  decline  in  quantity, 
accompanied  by  a  corresponding  increase  in  value.  Rapid  as  has 
been  the  increase  in  population,  the  increase  in  lumber  consump- 
tion has  been  still  more  rapid.  In  round  numbers  the  lumber  cut 
in  1880  was  18  billion  feet;  in  1890,  27  billion  feet;  and  in  1900, 
35  billion  feet.  The  increase  in  population  from  1880  to  1900  was 
52  per  cent,  but  the  increase  in  lumber  cut  was  94  per  cent. 

The  relative  rank  of  the  various  species  in  lumber  production, 
based  on  reports  to  the  Forest  Service,  is  shown  graphically  here- 
with.' Had  reports  from  all  operators  been  received,  the  amount 
credited  to  yellow  pine  would  have  been  about  12  billion  feet,  as 
this  timber  is  now  furnishing  practically  one-third  of  the  lumber- 
cut  of  the  United  States. 

BILLIONS   or  BOARD    TEEIT 
01  23456769 

Yellow  Pine 
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Fig.  1. — Lumber  production,  by  species,  I90'i 
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The  steadily  advancing  prices  of  leadings  kinds  of  lumber  is 
clearly  shown  by  the  following  diagram  which  gives  the  whole- 
sale prices  of  white  and  yellow  pine,  cypress  and  hemlock  from 
1894  to  the  end  of  1905.  Since  that  date  there  has  been  a  con- 
siderable advance  in  cypress. 

So  far,  the  American  has  been  wastefully  extravagant  in  the 
use  of  wood.  He  has  wanted  the  best  grades  of  lumber,  even  for 
the  building  of  a  chicken  coop,  or  as  a  prominent  lumberman  re- 
cently remarked — we  have  insisted  that  all  our  cuts  be  "Porter- 
house." However,  the  time  of  neck  cuts  and  soup  bones  is  rapidly 
approaching.  Our  stumpage  fit  for  the  saw  is  rapidly  decreasing. 
Our  estimated  forest  area  is  500  million  acres,  of  which  -nearly 
four-fifths  is  in  private  hands,  and  will  largely  remain  so. 

The  best-managed  German  forests  grow  on  an  average  about 
50  cubic  feet  of  wood  per  acre  annually.  If  our  forests  grew  as 
well,  they  would  barely  furnish  by  annual  growth  the  amount  of 
wood  we  now  use.  It  is  probably  safe  to  say  that,  under  present 
conditions,  the  annual  growth  is  not  more  than  one-fifth  that  of 
the  German  forests.     We  are  rapidly  using  up  our  forest  capital. 

THE    PROBLEMS. 

Pending  the  creation  of  a  new  wood  supply  by  forest  manage- 
ment and  planting,  we  must  solve  the  following  problems  in  order 
to  make  our  present  supply  go  as  far  as  possible. 

Reduction  of  IVaste  in  Manufacture.  According  to  present 
practice  but  little  more  than  25  per  cent  of  the  cubic  contents  of 
a  tree  reaches  the  consumer  in  the  form  of  lumber.  This  would 
not  be  important  were  the  other  75  per  cent  made  to  serve  some 
useful  purpose,  but  so  far  this  has  not  been  the  case.  The  guid- 
ing principle  for  the  future  must  be  that  every  part  of  a  tree  is 
intrinsically   capable  of  utilization,   and   that  in  consequence — 

Logging  will  be  done  more  carefully,  stumps  will  be  cut  lower, 
and  tops  higher.  There  will  be  greater  care  in  cutting  the  tree 
up,  and  log  lengths  will  be  adapted  to  the  peculiarities  of  the  tree, 
rather  than  being  arbitrarily  fixed.  Lops,  tops,  and  stumps  will 
all  be  used  eventually ;  probably  for  fuel,  excelsior,  distillation,  or 
pulp,  depending  upon  the  locality  and  species.  Needless  to  say, 
thousands  of  feet  of  logs  will  not  be  used  for  temporary  roads, 
slides,  and  skidways,  and  then  left  to  rot  in  the  w^oods.  Neither 
will  any  tree  be  left  to  decay  simply  because  it  is  crooked  or  of  an 
inferior  species.     Everything  in  the  forest  will  be  used. 

Manufacturing  will  be  more  economical.  The  handsaw  has  now 
largely  replaced  the  circular  saw,  and  it  will  do  so  more  in  the 
future.  This  alone  means  a  great  saving  in  saw  kerf.  Logs  will 
be  slabbed  more  carefully.  There  is  a  saving  in  slabbing  a  log 
on  four  sides  instead  of  on  only  two  sides  before  cutting  it  up, 
but  this  is  not  always  done.  Slabs  will  be  more  closely  utilized, 
and  even  now,  the  best-managed  northern  mills  find  it  profitable 
to  run   their  white   pine  and  hemlock  slabs   through   a   horizontal 
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band  re-saw,  and  so  obtain  one  or  two  additional  narrow  boards. 
There  will  be  less  waste  at  the  edger  and  trimmer.  There  is  little 
reason  for  making  only  even  lengths  and  widths  in  the  stock  grades 
of  lumber,  aside  from  large  dimension  stuff,  and  it  is  pure  non- 
sense to  cut  two  feet  off  from  a  board  because  a  knot  is  within 
six  inches  of  the  end.  The  movement  in  favor  of  odd  widths  and 
lengths  has  made  notable  progress  among  lumber  manufacturers 
in  the  last  year.  We  may  expect  that  slabs,  edgings,  and  trim- 
mings will  cease  going  into  the  burner,  and  instead  be  devoted  to 
some  useful  and  profitable  purpose.  Aside  from  the  usual  output 
of  lath  and  shingles  as  by-products  of  lumber  manufacture  with 
certain  species,  we  may  expect  to  see  some  of  the  present  waste 
converted  into  small  dimension  stuff',  box  boards,  crate  sticks,  and 
other  articles,  with  always  a  possibility  of  conversion  into  pulp 
or  wood-distillation  products.  So  long  as  the  sawdust  feeds  the 
mill  furnaces,  it  may  be  considered  satisfactorily  utilized.  A  com- 
paratively recent  departure  in  lumber  manufacture  that  is  rapidly 
gaining  ground  is  the  production  of  veneer  stock.  This  is  a  most 
economical  method  of  cutting  up  a  log,  particularly  if  done  by  the 
rotary  process,  since  there  is  no  loss  whatever  in  sawdust,  and  the 
cores  can  be  used  for  crate  sticks,  box  boards,  pulp,  fuel,  or  other 
purposes.  \'eneering  makes  the  same  quantity  of  material  go  much 
further  than  it  would  if  sawed  in  the  ordinary  manner,  and  the 
weakening  of  the  demand  for  quarter-sawed  oak  lumber  is  directly 
chargeable  to  the  increased  use  of  veneer  stock.  An  association 
has  recently  been  organized  and  standard  grades  for  veneer  stock 
adopted. 

Lumber  will  be  handled  more  carefully  in  the  yard,  and  less 
exposed  to  injury  by  the  elements.  Methods  of  seasoning,  both 
in  the  air  and  in  the  kiln,  will  be  improved,  and  loss  through 
warping  and  checking  will  be  reduced. 

'Economies  in  the  Use  of  Wood.  We  are  using  annually  over 
400  feet  board  measure  of  lumber  per  capita,  while  Europe  aver- 
ages but  60.  \^'e  can  and  must  learn  to  use  less  and  use  it  more 
judiciously.  A  great  gain  is  now  going  on  in  the  use  of  steel, 
cement  and  concrete.  A  cement  block  house  now  costs  but  little 
more  than  a  wooden  one,  and  in  a  few  years  it  will  be  the  cheaper. 
Rinforced  concrete  is  used  for  piles,  bridges,  warehouses,  etc.  The 
highest  type  of  modern  office  buildings  are  constructed  almost  en- 
tirely of  steel,  brick,  and  other  artificial  material.  Cement  walks 
in  towns  are  replacing  wooden  ones  with  decided  gain  in  utility. 
The  production  of  Portland  cement  in  the  United  States  has  in- 
creased 400  per  cent  in  the  last  six  years. 

We  can  learn  to  use  one  fence  post,  one  cross-tie,  one  mine  tim- 
ber, and  one  telephone  pole  where  we  now  use  two,  and  still  have 
the  same  or  a  greater  amount  of  service.  This  is  possible  through 
the  prolonged  life  obtained  by  preservative  treatment.  The  saving 
in  timber  along  this  line  will  reach  into  millions  yearly. 

It  is  estimated   that   nearly  ten   per  cent  of  the   annual   lumber 


•1-J"  Kellogg — ]]'ood    Utilizatiun    in    U.  S. 

cut  of  the  United  States  goes  into  packing  boxes,  and  in  fact  80 
per  cent  of  the  white  pine  cut  in  New  England  is  so  used.  Yet  the 
Hfe  of  a  packing  box  is  remarkably  short,  and  after  serving  its 
initial  purpose  it  is  cast  into  the  rubbish  heap.  Aluch  can  be  saved 
along  this  line. 

Mechanical  tests  upon  all  the  principal  woods,  to  determine  their 
strength,  stiffness,  and  other  physical  properties,  and  the  effect 
of  knots,  checks,  and  other  defects  upon  commercial  sizes,  will 
give  the  proper  basis  for  grading  rules  and  indicate  clearly  the 
kind  and  quantity  of  material  needed  for  a  given  use. 

Substitution  of  Other  JVoods.  Woods  which  have  long  been 
considered  inferior  or  useless  will  be  utilized  and  in  many  cases 
substituted  for  ones  which  are  getting  scarce.  The  evolution  of 
the  wagon  box  is  an  excellent  example.  Once,  the  standard  box 
board  was  white  pine,  then  came '  yellow  poplar,  then  cottonwood, 
more  recently  red  gum,  and  to-day  the  formerly  despised  tupelo 
is  going  into  wagon  boxes,  though  surreptitiously,- — to-morrow  it 
will  hold  an  honored  place.  Each  of  these  changes  has  come  about 
as  a  result  of  the  decreasing  supply  and  increasing  price  of  the 
wood  formerly  used. 

Similarly,  axles  are  being  made  of  maple  instead  of  hickory, 
and  implement  poles  of  long  leaf  pine  instead  of  oak. 

Though  it  does  not  seem  at  present  possible  to  get  something 
else  equally  as  satisfactory  as  hickory  for  buggy  parts,  elm  for 
slack  barrel  staves  and  hoops,  and  white  oak  for  tight  cooperage, 
there  is  a  great  field  of  possible  substitution,  since  so  little  is  really 
known  of  the  essential  properties  of  most  American  woods. 

These  remarks  simply  indicate  a  few  of  the  big  problems  which 
are  waiting  to  be  solved.  It  is  a  time  of  rapid  changes  and  read- 
justments to  new  economic  conditions,  and  the  users  of  the  forests 
must  be  prepared  to  face  them.  Happily,  there  is  every  indication 
that  eventually  these  conditions  will  be  successfully  met.  The  po- 
tential forest  area  of  the  United  States  is  sufficient,  if  rightly  man- 
aged, to  produce  all  the  wood  we  really  need.  The  lumberman,  if 
not  just  now,  can  soon,  aft'ord  to  handle  his  lands  according  to  for- 
estry principles,  and  the  national  forests,  while  at  present  a  rela- 
tively small  factor  in  the  annual  output,  will  rapidly  increase  in 
importance. 

It  is  the  duty  and  privilege  of  the  forester  on  the  one  hand 
to  demonstrate  how  these  products  may  be  made  as  abundant  and 
of  as  high  a  grade  as  possible,  and  on  the  other  hand  to  indicate 
how  they  may  be  utilized  most  economically  and  advantageously. 
Surely,  this  is  an  object  worth  striving  for. 

DISCUSSION-. 

President  Abbott:.  From  the  table  shown  on  the  screen  I  judge 
there  is  about  five  times  as  much  wood  used  for  firewood  as  for  all 
other  purposes  combined. 

Mr.  Kellogg:     A  cord  of  wood  is  usually  supposed  to  be  equiva- 
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lent  to  500  or  6oo  ft.  B.  M.  of  lumber,  and  to  contain  70  to  100 
solid  cu.  ft.  of  material.  This  would  indicate  that  there  is  nearly 
twice  as  much  wood  used  for  fuel  as  for  lumber — if  the  estimates 
are  correct. 

President  Abbott:  The  value  of  the  output  of  firewood — $350,- 
000,000 — is  very  close,  then,  to  the  mine  value  of  the  coal  output  of 
the  United  States.  It  occurred  to  me  that  possibly  you  might  be  in 
error  in  assuming  that  the  amount  of  firewood  has  increased  some- 
what proportionately. 

The  Forest  Service  is  advising  land  owners  in  the  matter  of  tree 
planting,  I  am  told.  At  what  value  of  land  does  it  find  tree  plant- 
ing profitable  ? 

Mr.  Kellogg:  That  depends  entirely  on  the  place  and  upon  the 
species  to  be  used.  There  are  cases  here  in  Illinois  where  I  feel 
perfectly  sure  that  tree  planting  for  small  material  would  pay  good 
interest  on  land  worth  $100.00  an  acre.  On  the  other  hand,  to  go 
out  and  plant  some  of  the  trees  that  require  a  long  time  to  grow, 
to  be  finally  used  for  lumber  and  not  for  other  purposes,  would  re- 
quire much  less  valuable  land. 

Up  in  New  England,  where  white  pine  is  planted  for  box  boards, 
it  is  considered  a  paying  investment  to  plant  on  land  that  is  worth 
$5.00  an  acre. 

President  Abbott:  Is  white  pine  the  most  valuable  crop  to  raise 
for  general  market  (so  considered)  or  are  there  some  other  species 
that  are  preferable? 

^fr.  Kellogg:  In  New  England  it  would  be  the  most  profitable 
to  plant  white  pine,  and  it  may  be  best,  on  some  of  th-e  lands  that 
are  fit  for  little  else  in  the  lake  states,  to  plant  white  pine. 

President  Abbott:  But  on  land  at  a  value  above  $5.00  an  acre 
it  would  not  be  considered  sufficiently  profitable  to  pay  interest  on 
the  investment,  would  it? 

Mr.  Kellogg:  I  am  not  sure  that  $5.00  per  acre  is  the  outside 
figure.  I  am  not  sure  that  it  will  not  be  a  somewhat  higher  valu- 
ation than  that.  The  state  of  Connecticut  has  authorized  the  pur- 
chase of  land  through  Connecticut  for  the  planting  of  trees,  at  not 
to  exceed  $4.00  an  acre. 

Mr.  J.  H.  Warder,  m.w.s.e.  Are  the  sand-dunes  of  northern 
Indiana  and  in  the  neighborhood  of  Chicago  suitable  for  forest 
planting  ? 

Mr.  Kellogg :  Yes,  I  think  so.  But  there  would  be  difficulty  on 
account  of  the  blowing  away  of  the  sand.  You  might  have  to  put 
up  artificial  barriers  to  stop  the  shifting  of  the  sand.  As  far  as  the 
sand  itself  is  concerned,  the  forest  would  grow  all  right.  France 
has  done  pretty  well  in  the  reclamation  of  sand-dune  land.  They 
put  in  artificial  barriers  for  protection. 

Mr.  IVarder:  Are  they  in  the  nature  of  low  growing  surface 
plants  ? 

Mr.  Kellogg:  Yes,  often.  France  has  built  up  some  very  profit- 
able forests  on  that  character  of  land  recentlv.    The  Forest  Service 
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is  plantint^  some  such  land  in  Nel:)raska.  but  it  is  j^^enerally  j^rassed 
over  and  there  is  not  much  drifting. 

President  Abbott:  I  understand  from  your  remarks  that  it  takes 
forty  years  to  raise  pine  trees  to  a  marketable  size.  Am  I  correct 
in  this? 

Mr.  Kellogg:  Yes,  roughly  speaking,  to  get  them  the  proper 
size  to  be  used  in  box  factories. 

President  Abbott:  There  are  some  more  valuable  woods  that 
would  grow  to  a  larger  size  in  that  same  time,  are  there  not?-- 
walnut,  for  instance. 

Mr.  Kellogg:  Walnut  will  grow  to  a  large  size,  but  will  not 
reach  its  valuable  stage  in  that  time.  Walnut  is  a  tree  that  forms 
heart-wood  fairly  late  in  life;  the  heart-wood  is  not  much  developed 
until  the  trees  get  past  50  years  of  age.  That  is  one  of  the  unprofit- 
able features  of  walnut,  it  forms  heart-wood  so  late  in  life. 

President  Abbott:     What  other  trees  are  recommended  for  plant- 

Mr.  Kellogg:  It  depends  entirely  on  the  region.  In  Illinois  I 
would  recommend  har(l\-  catalpa,  osage  orange  or  black  locust. 

President  Abbott :  That  kind  of  tree  grows  in.  say.  fifteen  years 
or  thereabouts,  doesn't  it? 

Mr.  Kellogg :  You  could  get  a  good  many  posts  in  fifteen  vears, 
and  at  the  end  of  twenty  years  you  could  figure  on  cutting  your  en- 
tire croD  and  starting  over  again. 

Mr.  R.  G.  Lazcry,  m.w.s.e.  :  \\'hat  are  some  of  the  methods  used 
by  the  Forestry  Department  to  educate  the  people  along  forestry 
lines? 

Mr.  KeKogg:  It  distributes  publications  on  the  subject  as  widely 
as  possible.  Then  the  Forest  Service  sends  men  to  attend  meetings 
in  dififerent  parts  of  the  country,  wherever  it  can  do  so.  It  does  not 
turn  down  any  more  requests  than  it  can  possibly  avoid.  Its  publi- 
cations are  also  widely  reproduced  in  the  trade  journals.  There 
are  press  bulletins,  a  column  in  length,  on  general  subjects,  which 
go  into  the  newspapers.  Then  there  are  what  is  called  trade  bul- 
letins, which  go  to  the  technical  journals.  If  we  get  out  a  lumber 
bulletin,  we  send  that  to  lumber  journals  only,  etc. 

Mr.  Lai^ry :  Does  the  Government  contemplate  any  legal  way 
of  taking  care  of  private  forests? 

Mr.  Kellogg:  Xo  ;  that  is  the  German  wav,  and  it  might  be  a 
good  thing  for  the  United  States,  but  we  could  not  put  such  a  plan 
into  effect. 

Mr.  H.  M.  Morse,  m.w.s.r.  :  What  means  arc  the  Giovcrnmcnt 
taking  to  extend  the  forest  reserves? 

Mr.  Kellogg:  There  are  many.  The  (iovernment  is  increasing 
the  forest  reserves,  and  130,000.000  acres  of  such  have  been  createrl 
since  1892. 

President  .Ibbott:  Does  the  Government  go  to  the  extent  of 
planting  trees? 

Mr.  Kellogg:     Yes.  it  is  beginning  to  plant  trees  on  its  reserves. 

President  Abbott:     How  is  it  done — bv  seeding? 
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Mr.  Kellogg :  Yes ;  the  seed  is  collected  in  the  forest,  and 
planted  in  nurseries,  and  then  after  the  trees  are  two  or  three  years 
old  they  are  set  out.  In  f^eneral  the  raising  of  trees  is  done  by  seed- 
ing. 

President  Abbott:     What  does  it  cost  per  acre  for  planting-? 

Mr.  Kellogg:  That  depends  to  some  extent  on  the  cost  of  seed- 
lings. Where  planting  can  take  place  the  most  easily,  trees  can 
actually  be  set  for  not  to  exceed  $3.00  per  thousand,  and  you  may 
set  1,200  to  1,800  on  an  acre  of  land. 

President  Abbott:     Then  it  might  cost  $5.00  an  acre  to  plant? 

Mr.  Kellogg:  Yes,  possibly  $6.00  or  $8.00  per  acre,  but  it  will 
cost  less  after  we  get  the  matter  thoroughly  well  worked  out  and 
under  favorable  situations. 

President  Abbott:     What  kind  of  trees  are  planted? 

Mr.  Kellogg:     Alostly  pine. 

President  Abbott:  Will  forests  grow  in  climates  that  are  too 
arid  for  farming? 

Mr.  Kellogg :  To  some  extent,  but  not  very  well.  We  do  have 
some  very  fair  western  yellow  pine  that  grows  in  regions  where 
the  annual  rainfall  is  about  20  in.  and  sometimes  down  to  16  in., 
but  most  of  the  western  forests  are  on  the  mountains,  and  bet\yeen 
the  mountains  it  is  arid. 

Mr.  Darst,  m.w.s.e.  :-     Are  you  taking  care  of  the  red-wood  trees? 

Mr.  Kellogg:  There  are  a  few  of  the  big  trees  in  the  forest  re- 
serves. The  saving  of  the  red-wood  would  once  have  been  a  com- 
paratively easy  matter,  but  the  red-wood  holdings  are  now  all  in 
private  hands  and  the  cut  is  increasing.  There  is  a  large  amount 
of  standing  red-wood  timber,  however,  and  red-wood  lumber  will 
be  on  the  market  for  sometime. 

President  Abbott:  Are  these  forest  reserves  some  that  have  been 
denuded  of  trees,  or  are  they  some  that  have  never  had  trees  on 
them  ? 

Mr.  Kellogg:  Some  of  them  have  had  trees  and  were  created 
for  planting  purposes ;  then  again  others  have  considerable  areas 
that  were  cut  over  before  they  were  reserved.  Most  of  the  reserves, 
however,  are  forested. 

President  Abbott:  Is  any  effort  being  made  to  leave  trees  for 
seeding? 

Mr.  Kellogg :  Yes.  No  trees  are  cut  on  the  forest  reserves  that 
are  not  designated  as  being  fit  to  cut.  The  Forest  Service  has  made 
working  plans  in  some  cases.  It  is  a  feasible  proposition  in  many 
situations. 

Mr.  Darsf:  The  old  tree  claims  are  not  given  out  anv  more,  are 
they  i" 

Mr.  Kellogg:     No.  the  law  was  repealed  in  1892. 

This  subject  has  been  further  elaborated  since  the  date  of  its  presentation  to  the 
Society,  and  has  been  printed  as  Forest  Serzice — Circular  97— The  Timber  Supply 
OF  THE  UxiTEU  STATES.  This  Can  be  had  on  application  to  the  authorities  at  Wash- 
ington, D,  C:    The  United  States  Department  of  Agriculture,  Forest  Service. —  Ed. 
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Ill  the  following  I  wish  to  present  my  views  on  the  merits  and 
limitations  of  cement  and  concrete  and  on  the  causes  of  failure  in 
concrete  construction,  and  will  suggest  means  for  the  prevention  of 
such  failures.  In  doing  so  I  will  take  my  stand  between  the  manu- 
facturer and  the  user  of  cement,  that  is  to  say.  I  will  discuss  this 
subject  as  consulting  engineer  who  is  familiar  with  both  the  details 
of  the  manufacture  of  cement  and  its  chemical  and  physical'  proper- 
ties and  with  the  use  of  cement  as  building  material.  I  will  not 
side  with  either  the  manufacturer  or  the  consumer,  but  will  en- 
deavor to  point  out  what  can  be  expected  of  cement  and  what  not. 
The  manufacturer  frequently  greatly  exaggerates  the  advantages 
of  cement.  According  to  him  there  is  hardly  anything  in  the  build- 
ing line  that  cannot  be  made  of  concrete.  On  the  other  hand,  the 
engineer  and  architect,  who  are  frequently  not  acquainted  with 
the  intrinsic  value  of  cement  with  its  physical  and  chemical 
properties,  frequently  make  unreasonable  demands  and  misinterpret 
the  failures  in  concrete  construction  that  unfortunately  so  often  oc- 
cur. To  my  mind,  the  best  and  surest  way  to  advertise  cement,  to 
recommend  concrete  construction,  and  to  give  the  engineer  and 
architect  confidence  in  this  modem  building  material,  would  be  to 
minimize  the  danger  of  failure  as  far  as  possible  by  proper  build- 
ing ordinances,  which  would  compel  the  contractor  to  handle  the 
material  in  a  prescribed  way  and  to  make  proper  tests. 

Concrete  is  a  wonderful  material  in  the  hands  of  a  skillful  con- 
tractor and  has  many  advantages  over  other  building  materials : 
but  it  is  the  unsafest  of  all  materials,  if  it  is  handled  by  an  inex- 
perienced, careless  and  dishonest  builder. 

I  shall  dwell  only  in  a  general  way  on  the  wide  possibilities  of 
concrete  construction  and  point  out  a  few  cases  where  concrete  can- 
not be  used : 

Concrete  offers  great  resistance  to  compression,  but  only  com- 
paratively slight  resistance  to  tension.  Therefore  we  can  make  use  of 
plain  concrete  in  cases  in  which  it  is  subjected  chiefly  to  compres- 
sive stresses,  for  instance,  in  foundation  work,  walls,  piers  and 
columns.  In  all  other  cases,  where  it  has  to  resist  tensile  stresses, 
as  in  girders,  beams  and  floors,  we  have  to  reinforce  it  with  steeJ 
of  high  tensile  strength.  The  union  of  concrete  and  steel  thus  ob- 
tained can  be  made  to  fulfill  any  requirements  as  to  compressive 
and  tensile  strength,  according  to  the  greater  or  lesser  amount  of 
concrete  or  steel  used  in  each  special  case.     In  some  cases  the  com- 
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pressive  strength  of  the  steel  is  made  use  of  at  the  same  time  as  its 
tensile  strength,  namely,  when  the  dimensions  of  the  concrete  work 
have  to  be  reduced  to  a  minimum,  as  often  in  columns  and  piers. 

Piers  and  columns  are  often  reinforced  by  plain  round  rods, 
placed  near  the  circumference  and  connected  by  wire  or  ties.  This 
kind  of  reinforcement  is  liable  to  be  the  cause  of  disaster,  if  an  in- 
sufficient percentage  of  reinforcement  is  used,  either  in  the  design- 
ing or  by  negligence  of  the  contractor,  who  ma}'  omit  some  of  the 
bars.  Columns  insufficiently  reinforced  by  bars,  fail  suddenly  by 
pushing  the  steel  rods  apart.  A  safer  way  of  reinforcing  columns 
is  to  make  use  of  spiral  reinforcement.  Such  columns  fail  by  bend- 
ing and  give  ample  warning  before  failure.  There  is  a  creaking 
noise  of  the  compressed  concrete  and  scaling  ofif  of  the  concrete  on 
the  surface  of  the  columns ;  then  the  column  is  slowly  bent  out  of 
shape  before  it  collapses.  This  kind  of  reinforcement,  therefore, 
should  be  used  exclusively  for  columns  which  have  to  sustain  heavy 
loads. 

Girders  and  beams  are  reinforced  by  tension  rods  which  are  im- 
bedded in  those  parts  of  the  concrete  which  are  subjected  to  tensile 
stresses.  The  reinforcement  consists  either  of  several  single  bars, 
horizontal  and  partly  turned  up,  which  are  held  in  place  by  stirrups 
or  U-shaped  iron,  or  by  bars  which  present  a  rigid  combination  of 
bar  and  stirrups.  This  latter  method  is  much  safer,  because  it 
makes  it  impossible  for  the  contractor  to  omit  some  of  the  stirrups ; 
moreover,  all  parts  must  necessaril}'  maintain  their  relative  positions 
with  respect  to  one  another  and  chances  of  defective  work  from 
faulty  placing  of  steel  are  largely  avoided. 

Floors  and  ceilings  are  likewise  reinforced  by  steel  rods  im- 
bedded in  the  lower  part  of  the  layer  of  concrete  to  take  up  the 
tensile  stresses. 

Tn  all  cases  the  mechanical  laws  that  govern  this  type  of  con- 
struction are  the  same  as  in  steel  construction ;  therefore  the  meth- 
ods of  calculation  are  the  same.  The  only  difference  is  that  in  steel 
construction  we  have  to  deal  with  but  one  kind  of  material,  while 
in  reinforced  concrete  construction  we  have  to  figure  with  two 
kinds  of  materials  of  entirely  difTerent  physical  properties.  Of 
these  we  let  the  concrete  as  a  rule  take  care  of  itself,  whenever 
compressive  strength  is  required,  and  call  upon  the  steel  reinforce- 
ment only  where  tensile  stresses  occur. 

Modern  methods  of  reinforced  concrete  construction  frequently 
make  building  possible  on  grounds  on  which  other  material  can  not 
be  used.  For  instance,  in  places  where  wooden  piles  would  rot, 
reinforced  concrete  piles  are  driven,  and  on  sites  where  the  soil 
cannot  be  depended  upon,  as  on  river  banks  and  sea  shores,  a  solid 
foundation  is  obtained  by  a  reinforced  concrete  raft,  which  trans- 
mits the  load  over  the  whole  available  area  and  which,  owing  to  its 
rigidity,  does  not  give  way,  even  if  there  should  be  a  settlement  of 
the  ground  at  any  particular  point. 

The    monolithic    connection    of    foundations,    columns,    girders. 
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beams  and  floors,  on  account  of  its  unequalled  ri^jidity,  is  a  decided 
advantage  over  the  freely  supported  girders  and  beams  of  wood 
and  steel  construction.  This  is  particularly  true  in  places  where 
earthquakes  have  to  be  considered. 

However,  concrete  cannot  be  used  everywhere,  as  there  are  some 
limitations  to  its  use.  In  some  parts  of  the  country  cement  is  too 
expensive,  or  good  sand  or  crushed  stone  cannot  be  obtained.  In 
others  the  high  cost  of  lumber  for  forms  excludes  concrete  con- 
struction. This  latter  point  becomes  more  and  more  serious  from 
year  to  year  with  the  growing  advance  in  the  price  of  lumber.  The 
cost  of  the  wooden  false-work  and  the  labor  cost  of  installing  and 
removing  it  amounts  sometimes  to  50  per  cent  of  the  cost  of  the 
structure.  In  such  cases  another  method  has  been  adopted,  which 
does  away  with  a  large  part  of  the  lumber,  namely,  the  casting  on 
the  ground  of  columns,  beams,  girders  and  floor  slabs,  which  are 
afterwards  hoisted  and  erected  as  with  structural  steel  work.  This 
saves  the  centers  and  supports  and  reduces  the  cost  of  erection  but 
at  the  same  time  it  sacrifices  the  main  advantage  of  concrete  struc- 
tures, namel}',  their  monolithic  character. 

The  erection  of  a  concrete  building,  as  a  rule,  takes  considerably 
more  time  than  that  of  a  steel  structure,  at  least  if  it  is  done  with 
care  and  if  all  parts  are  given  plenty  of  time  to  set  before  removing 
the  forms.  This  is  a  serious  item  in  the  cost  of  the  building,  in 
case  of  a  large  office  building  or  hotel,  because  every  month  which 
it  takes  longer  to  erect  the  structure  means  a  considerable  loss  in 
rental  from  the  building.  Some  cases,  however,  have  been  pointed 
out  where  the  erection  of  a  concrete  office  building  has  not  required 
more  time  than  that  of  a  steel  skeleton  building.  But  such  practice 
is  extremely  dangerous  and  should  not  be  approved,  unless  the  con- 
tractor can  demonstrate  by  continuous  tests  that  the  concrete  -work 
is  strong  enough  to  sustain  the  superimposed  load  and  that  he  is 
justified  in  removing  the  form§. 

The  principles  governing  modern  reinforced  concrete  construc- 
tion are  thoroughly  understood  by  comparatively  few.  This  ex- 
plains the  divergence  of  opinion  on  many  points  pertaining  to  this 
branch  of  the  building  industry. 

W'hile  some  engineers  are  careful  to  specify  concrete  of  ample 
strength,  others  blame  such  "over-cautious"  builders  for  making 
use  of  an  excessive  factor  of  safety.  The  aim  is,  of  course,  to  re- 
duce the  cost  of  concrete  as  far  as  possible  in  order  to  give  it  the 
widest  application  possible.  Rut  if  engineers  fail  in  their  eflForts  to 
prove  that  for  a  given  case,  concrete  work  would  be  less  expensive 
than  steel  construction,  they  frequently  blame  the  cement  for  it, 
and  we  can  hear  all  kinds  of  theories  advanced.  They  will  say.  for 
instance,  that  cement  is  not  sufficiently  uniform  at  present,  and  they 
claim  that  if  cement  could  be  so  manufactured  as  to  give  as  uniform 
tests  as  does  steel,  it  would  be  possible  for  the  engineer  to  reduce 
the  larger  factor  of  safety  now  demanded  for  concrete  over  that 
required  for  steel.     Such  a  statement  is  entirely  without  foundation. 
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Cement  is  manufactured  of  sufficient  uniformity  nowadays,  at  least 
by  plants  which  can  depend  upon  uniform  raw  materials.  Cement 
can  be  manufactured  as  uniform  in  quality  as  steel.  But  in  com- 
paring the  cost  of  steel  and  concrete  construction  and  their  respec- 
tive safety  factors,  we  are  not  allowed  to  compare  steel  with  cement, 
but  steel  with  concrete.  Steel  is  a  well-defined  chemical  compound 
rolled  into  the  desired  shape.  Concrete,  on  the  other  hand,  is  the 
sum  of  a  number  of  factors,  namely,  of  cement  (a  chemical  com- 
pound equally  well-defined  as  steel  and  ground  to  the  desired  fine- 
ness), of  crushed  stone,  of  sand,  of  water,  of  workmanship  and  of 
a  great  deal  of  care,  a  combination  of  which  cement  is  a  compara- 
tively small  part.  The  calculation  of  a  steel  girder  and  that  of  a 
reinforced  concrete  girder  or  beam  can  never  be  based  on  equal 
safety  factors,  no  matter  how  much  the  properties  of  cement  may 
be  improved  in  the  future. 

^loreover,  cement  will  not  be  improved  in  the  future ;  we  have 
arrived  at  the  limit  of  its  good  qualities.  In  making  this  statement, 
I  refer  to  Portland  cement,  of  which  every  builder  in  this  country 
thinks,  whenever  the  general  term  "cement"  is  used.  Why  can 
Portland  cement  not  be  improved?  In  order  to  be  able  to  answer 
this  question,  I  must  remind  you  that  Portland  cement  is  a  product 
obtained  by  calcination  of  an  intimate  mixture  of  finely  pulverized 
limestone  and  clay  or  shale,  and  that  it  consists  of  calcium  silicates 
and  calcium  aluminates.  Clay  and  limestone  may  be  mixed  in  all 
possible  proportions,  but  the  result  from  a  chemical  standpoint  will 
never  be  anything  better  than  our  present  commerical  Portland 
cement.  Then,  if  the  chemical  composition  of  Portland  cement  can- 
not be  improved,  cannot  its  physical  properties  be  altered,  can  it 
not  be  ground  more  finely?  Yes,  this  latter  can  be  done,  indeed, 
but  it  would  not  be  of  any  practical  value. 

Recent  investigations  have  proven  that  of  our  commercial  Port- 
land cement  only  from  30%  to  40%  possess  cementing  properties 
at  all ;  the  remaining  60%  to  70%  represent  inert  material.  Until 
a  short  time  ago,  you  could  read  in  cement  literature  that  the  ce- 
ment remaining  on  a  200-mesh  sieve  is  too  coarse,  that  is  to  say, 
has  no  hydraulic  properties,  and  that  everything  that  passes  the 
200-mesh  sieve  represents  the  active  part  of  the  commercial  cement. 
Today  the  200-mesh  sieve  exists  only  for  the  manufacturer  in  order 
to  enable  him  to  grind  his  clinker  always  to  a  certain  fineness  re- 
quired by  the  specifications.  The  experimenter,  however,  can  no 
longer  make  use  of  so  coarse  a  screen  as  a  200-mesh  sieve.  He 
divides  the  cement  into  that  part  which  remains  on  an  800-mesh 
sieve,  which  is  inert  (about  60 — 70%),  and  that  which  passes  the 
800-mesh  sieve  (30 — 40%),  wdiich  is  cement  proper.  Of  course, 
an  800-mesh  sieve  does  not  exist.  It  would  have  meshes  1/1600 
(one  sixteen  hundredth)  of  an  inch  wide  and  would  consist  of  wire 
gauze  of  the  same  thickness.  In  order  to  obtain  this  fineness,  the 
imaginary  sieve  is  replaced  by  a  process  of  decantation  or  elutria- 
tion  in  a  current  of  alcohol  of  a  certain  velocity  which  separates  the 
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fine  from  the  coarse  and  leaves  the  grains  that  measure  more  than 
1/1600  (one  sixteen  hundredth)   of  an  inch  under  the  microscope. 
If  the  manufacturer  would  grind  his  Portland  cement  to  this  ex- 
treme fineness  or  even  .only  to  a  fineness  between  the  800-mesh 
sieve  and  that  of  the  commerical  cement  of  today,  say  to  70%  pass- 
ing an  800-mesh  sieve,  the  resulting  product  would  be  so  quick- 
setting  a  cement  that  nobody  would  be  able  to  use  it  in  practice.    A 
neat  or  a  sand  mortar  briquette  may  be  made  of  it  possessing  a 
strength  several  times  higher  than  the  strength  obtained  from  Port- 
land cement  of  the  present  fineness,  but  this  is  only  under  the  as- 
sumption that  the  mortar  begauged  with  the  water  less  than  a  min- 
ute.    If  the  gauging  should  continue  for  several  minutes,  no  higher 
strength  than  for  ordinary  cement  can  be  obtained.     This  is  due  to 
the  quick-setting  qualities  of  the  calcium  aluminates  in  the   Port- 
land cement.     No  addition,  however  great,  of  any  retarding  ele- 
ment, can  prevent  this.     So  finely  ground  a  Portland  cement,  there- 
fore, could  not  be  used  in  actual   practice,   where  under  the  best 
conditions  a  quarter  of  an  hour  is  required  from  the  time  of  mixing 
the  concrete  until  it  is  tamped  into  the  forms  or  moulds.     I  have 
frequently  made  such  experiments  with  cement  of  extreme  fineness 
separated  from  the  coarser  particles  by  an  air-current  for  instance, 
with  cement  that  had  been  collected  on  the  top  of  a  30-foot  venti- 
lating tube  over  grinding  machinery,  and   from  these  experiments 
I  know  that  such  Portland  cement  will  never  fulfill  the  demands  of 
engineers  and  architects  who  are  eargerly  looking  for  a  cement  of 
higher  crushing  strength  than  our  present  Portland  cement.    Archi- 
tects  rightly  wish  both   for  economic  and   mechanical  reasons,   to 
disuse  reinforcement  in  concrete  columns.     As  long  as  they  make 
use  of  Portland  cement  for  their  concrete,  they  will  have  to  design 
columns  of  enormous  proportions,  if  they  want  to  omit  reinforcing 
bars  or  spiral  reinforcement.    Therefore  the  desire  for  a  much  bet- 
ter grade  of  cement,  which  according  to  a  recent  utterance  of  a 
well-known  engineer,  "would  receive  an  enthusiastic   reception  by 
all  engineers."     Fortunately  such  a  cement  exists. 

The  cement  to  which  I  refer  is  "Iron-ore  Cement"  which  has 
been  manufactured  for  several  years  in  Germany,  and  which  I  hope 
will  soon  be  manufactured  in  the  United  States  also.  This  cement 
is  made  of  limestone  and  iron-ore  instead  of  using  limestone  and 
c\A\  as  in  the  manufacture  of  Portland  cement.  It  was  originally 
manufactured  with  the  sole  intention  of  replacing  Portland  cement 
for  sea-water  construction,  because  Portland  cement  is  rapidly  de- 
stroyed by  the  magnesia  sulphate  contained  in  the  sea-water,  while 
iron-ore  cement  is  not  acted  upon  by  even  the  most  concentrated 
solution  of  sulphates.  This  iron-ore  cement,  if  ground  to  'the  fine- 
ness of  commercial  Portland  cement,  is  very  slow  setting,  because 
of  its  chemical  composition,  which  differs  from  that  of  Portland 
cement  in-as-much  as  the  aluminates  of  the  Portland  cement  are 
replaced  bv  iron  compounds,  by  calcium  ferrites.  The  aluminates 
of  the  Portland  cement,  as  mentioned  above,  arc  the  cause  of  its 


4(iO  Micliaclis — Failure  in   Concrete  Construction. 

quicksetting  properties.  The  calcium  ferrites  of  the  iron-ore  ce- 
ment,-however,  hydrate  slowly,  so  that  this  cement  has  a  compara- 
tively low  strength  after  a  day  or  a  week.  But  its  strength  steadily 
increases  from  month  to  month  and  year  to  year,  soon  reaches  that 
of  Portland  cement  and  in  time  far  exceeds  its  maximum  strength, 
so  that  a  barrel  of  iron-ore  cement  goes  much  farther  than  a  barrel 
of  Portland  cement  even  under  ordinary  conditions;  that  is  to  say, 
if  both  are  ground  to  the  same  fineness  as  at  present.  Now  let  us 
grind  iron-ore  cement  to  extreme  fineness,  which  can  easily  be  done 
by  air-separation ;  it  will  finally  become  as  quicksetting  as  commer- 
cial Portland  cement  is  now,  it  will  contain  perhaps  70  -  80%  of 
active  material  as  compared  with  the (.30-40%  of  Portland  cement 
of  the  same  setting  properties.  A  barrel  of  such  finely  pulverized 
iron-ore  cement  will  replace  three  barrels  of  Portland  cement  and 
will  enable  the  architect  either  to  'use  leaner  mortars  or  to  consid- 
erably reduce  the  dimensions  of  columns  and  beams.  As  mentioned 
before,  this  cannot  be  done  with  Portland  cement.  Moreover,  a 
better  grade  of  cement  could  be  shipped  farther,  as  the  consumer 
would  obtain  in  one  barrel  of  cement  the  same  amount  of  cement- 
ing material  as  is  contained  in  three  barrels  now. 

In  the  foregoing  I  have  pointed  out  some  of  the  advantages  and 
disadvantages  of  concrete  work  and  of  various  kinds  of  reinforcing 
sj-stems  and  have  discussed  what  can  reasonably  be  expected  of 
Portland  cement.  I  have  also  called  attention  to  the  demands  of 
engineers  and  architects  for  a  higher  grade  cement,  which  demand 
is  likely  to  be  met  in  -the  future.  I  will  now  discuss,  how,  with  ma- 
terials at  present  available  the  frequent  deplorable  accidents  can  be 
prevented. 

As  said  before,  cement  is  manufactured  so  uniformly  and  is  gen- 
erally tested  so  thoroughly  at  the  plants  before  being  shipped,  that 
only  in  comparatively  few  cases  is  the  cement  to  blame  for  the  fail- 
ure of  concrete  work.  In  most  cases  the  builder  has  himself  to 
blame  for  the  collapse  of  a  structure.  In  work  of  minor  import- 
ance, for  instance  in  sidewalk  work  or  in  the  manufacture  of  con- 
crete blocks,  failures  can  be  noticed  every  day.  Where  cement  is 
thus  used  on  a  comparatively  small  scale,  cases  happen,  where  fail- 
ure is  due  to  poor  cement,  as  usually  only  the  consumer  of  large 
quantities  of  cement  makes  tests  of  his  own  and  can  find  out  in  ad- 
vance, whether  or  not  he  has  received  a  reliable  product  from'  the 
manufacturer.  Thus  it  sometimes  really  happens  that  a  small  con- 
sumer receives  a  carload  of  cement,  which  has  not  the  proper  set- 
ting time,  and  which  he  kills  in  working  it.  Cement  companies  who 
have  not  uniform  raw  materials  or  whose  materials  are  too  high  in 
alumina  often  have  trouble  in  regulating  the  setting  time  and  they 
supply  the  consumer  now  and  then  with  a  cement  with  which  he  is 
unable  to  work.  To  this  group  of  manufacturers  likewise  belong 
those  companies  who  do  not  pay  enough  attention  to  thorough 
vitrification  of  the  clinker.  If  the  clinker  is  merely  burnt  to  a  point 
of  beginning  vitrification,  if  a  friable  clinker  is  obtained  which  just 
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passes  the  specifications  after  a  little  curinjj  and  doctoring,  it  hap- 
pens that  this  cement  disintegrates  after  having  been  shipped, 
changes  its  setting  properties  and  becomes  a  quick  setting  cement, 
while  it  may  have  had  a  medium  setting  time  when  it  had  been 
tested  at  the  works.  In  using  the  term  "disintegrate"  in  this  case 
I  do  not  refer  to  the  dusting  on  cooling  of  overburnt  clinker  or 
clinker  too  high  in  silica,  but  to  the  breaking  up  into  smaller  frag- 
ments which  every  clinker  shows  on  aerating,  unless  it  is  burnt  to 
a  dense,  vitrified  piece  of  rock.  Such  a  cement  is  ground  at  the 
factory  like  all  others  to  the  fineness  of  a  commercial  cement. — 
About  30  or  40%  of  it  *would  pass  the  800-mesh  sieve,  when  it  is 
tested  before  leaving  the  plant.  But  it  continues  to  disintegrate 
after  being  packed  in  sacks  or  paper  bags :  the  moisture  of  the  at- 
mosphere breaks  up  every  little  particle  into  smaller  fragments  and 
in  time  a  much  higher  percentage  of  the  extremely  fine  powder  is 
found  than  when  shipped  and  the  result  is  that  the  cement  which 
may  have  set  in  two  or  three  hours  when  tested  at  the  plant,  now 
begins  to  set  instantaneously.  There  are  very  few  consumers  of 
cement  or  even  chemists  and  superintendents  of  cement  plants  who 
are  able  to  detect  this.  If  you  give  them  a  cement  which  begins  to 
set  in  5  or  10  minutes,  they  will  find  it  out.  but  if  they  get  hold  of 
a  cement  which  sets  immediately,  they  frequently  do  not  discover 
the  fact,  and  afterwards  wonder  at  the  poor  results  obtained  with 
it.  Some  six  years  ago  commercial  cements  of  even  the  largest 
plants  of  the  Lehigh  \  alley  could  frequently  be  found  to  set  in- 
stantaneously, although  the  men  at  the  works  were  not  conscious  of 
the  fact.  But  nowadays  such  cases  become  more  and  more  rare, 
and  we  may  safely  say,  that  in  nine  out  of  ten  cases  the  consumer 
of  cement  is  to  blame,  if  we  consider  only  sidewalk  work  or  the 
manufacture  of  concrete  blocks.  In  these  branches  of  the  business 
we  see  any  number  of  incompetent  people  engaged,  who  handle  a 
few  dozen  barrels  of  cement  a  day,  who  cannot  be  expected  to  make 
elaborate  tests  of  cement  and  who  would  not  be  able  to  make  them 
correctly,  even  if  they  wanted  to.  In  all  other  cases,  where  work 
of  larger  proportions  is  involved,  namely  in  the  construction  of 
residences,  factories,  office  buildings  and  hotels,  the  manufacturer 
of  cement  can  never  be  blamed  for  failure  during  the  course  of  con- 
struction, because  it  is  the  business  of  the  builder  to  test  his  cement 
thoroughly  before  using  it.  The  building  ordinances  of  all  states 
should  compel  builders  to  submit  the  cement  to  thorough  tests  be- 
fore using  it,  no  matter  how  well-known  a  brand  of  cement  they 
may  have  bought.  Such  a  law  would  obviate  the  few  possible  cases, 
where  cement  might  otherwise  be  blamed  for  destructive  failures. 
After  this  has  been  settled  we  would  have  to  consider  how  the 
many  failures  can  be  prevented  where  the  builder  himself  is  at 
fau't. 

In  order  to  understand  the  situation  we  have  to  ask  at  first :  In 
what  respect  do  masonry  ^nd  steel  construction  and  CDiicrete  con- 
struction dififer?     The  old-fashioned  wav  is  to  erect  structures  of 
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material  of  known  strength  as  by  piling  brick  of  a  certain  com- 
pressive strength,  one  on  the  top  of  another,  to  construct  walls  and 
piers  and  then  to  connect  the  piers  by  means  of  wooden  or  steel 
girders  and  beams  of  known  strength.  In  steel  structures  the  ma- 
sonry piers  are  replaced  by  s.teel  columns  to  which  are  securely 
riveted  steel  girders  and  beams  which  carry  the  floors.  In  this  class 
of  construction  comparatively  few  failures  can  occur,  if  the  designs 
have  passed  through  the  hands  of  a  careful  board  of  building  exam- 
iners and  if  the  material,  brick,  steel  and  wood,  conform  to  the 
specifications.  The  members  may  be  jointed  and  riveted  together 
in  a  negligent  way ;  but  this  can  easily  be  detected  by  building  in- 
spectors and  careless  work  can  be  replaced.  In  concrete  construc- 
tion, on  the  other  hand,  the  strength  of  none  of  the  members  of 
which  the  structure  is  composed  is  known  in  advance.  The  designs 
may  have  passed  through  the  hands  of  competent  and  careful  ex- 
aminers, who  may  have  scrutinized  every  detail  of  the  construction 
and  found  it  to  conform  to  other  previous  designs  which  have 
proved  a  success,  and  yet  the  erection  of  the  building  may  result  in 
complete  failure  and  great  loss  of  life.  No  other  building  material 
is  apt  to  result  in  destruction  of  equal  magnitude,  if  handled  care- 
lessly. All  that  the  builder  of  concrete  work  knows,  when  starting 
to  carry  out  the  design  before  him.  is  the  strength  of  the  cement 
and  that  of  the  reinforcing  bars,  if  he  has  gone  at  all  to  the  trouble 
of  having  both  examined,  one  for  crushing  stress  and  the  other  for 
tensile  strength.  Then  he  proceeds  to  erect  the  forms  and  supports, 
mixes  crushed  stone,  sand  and  cement  in  certain  proportions  and 
tamps  the  concrete  into  the  moulds.  After  a  certain  time  he  comes 
to  the  conclusion  that  the  concrete  has  had  time  enough  o  set,  that 
he  needs  the  centering  at  some  other  part  of  the  building,  and  or- 
ders his  men  to  rem.ove  the  forms ;  and  in  many  cases  it  is  more  or 
less  of  a  pleasant  surprise  to  him,  if  the  building  does  not  collapse 
on  striking  the  forms.  Experienced  contractors  who  can  depend 
upon  a  well  trained  gang  of  workmen  and  have  reliable  men  to 
superintend  the  work,  will  be  able  to  tell  quite  well  how  much  of  a 
load  a  column  or  beam  will  stand  after  a  certain  time,  but  with 
most  contractors  it  is  only  guesswork,  and  such  a  state  of  affairs 
should  not  be  tolerated. 

Before  a  railway  company  is  allowed  to  entrust  the  life  of  pas- 
sengers to  railroad  cars,  have  they  not  to  test  every  part  of  the 
structural  material  that  goes  into  the  design  of  a  car  and  do  they 
not  break  one  wheel  arbitrarily  selected  out  of  a  certain  number  be- 
fore they  draw  definite  conclusions  as  to  the  safety  of  the  mate- 
rials? And  in  masonry  and  steel  construction  are  the  crushing 
strength  of  brick  and  the  tensile  strength  of  steel  not  carefully  de- 
termined before  they  are  used  for  construction  work?  But  have 
you  ever  heard  that  builders  of  concrete  work  have  carefully  as- 
certained the  actual  strength  of  a  beam  or  girder  before  removing 
the  centers?  I  have  not.  They  may  occasionally  make  a  few  tests 
on  the  tensile  strength  of  the  cement,  which  they  have  bought,  but 
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hardly  ever  on  its  compressive  strength,  or  they  mav  even  go  as 
far  as  making  a  few  concrete  cubes  from  the  materials  which  thev 
use  later  on  during  the  construction ;  but  all  these  tests  do  not  per- 
mit them  to  draw  any  definite  conclusions  as  to  the  actual  strength 
of  the  concrete  which  goes  or  has  gone  into  foundation  work,  walls, 
columns,  girders,  beams  and  floor  slabs.  I  do  not  wish  to  be  mis- 
understood and  therefore  will  immediately  mention  the  numerous 
tests  of  girders,  beams  and  floors  which  have  often  been  made  in 
order  to  demonstrate  the  merits  of  thorough  reinforced  concrete 
work  and  which  have  proven  what  excellent  work  can  be  done  bv 
experienced  contractors.  But  on  the  other  hand  we  have  before  us 
such  work  as  that  which  results  in  failures  like  the  collapse  of  the 
Bixby  Hotel  at  Long  Beach,  California,  and  that  of  the  factory 
building  of  the  Eastman  Kodak  Co.,  at  Rochester,  N.  Y.  These 
failures  have  proved  that  the  concrete,  which  can  be  made  of  the 
materials  on  the  premises  and  which  probably  has  been  made  in  the 
form  of  a  few  concrete  cubes  before  starting  operations,  and  the 
concrete  that  is  actually  made  during  the  course  of  construction  are 
m  many  cases  two  entirely  different  things.  Therefore  my  insist- 
ence upon  continuous  tests  of  the  concrete  which  goes  into  girders, 
beams  and  so  forth.  As  I  described  to  you  before,  cement  is  but 
a  comparatively  small  factor  in  the  manufacture  of  concrete  and  in 
addition  to  sand,  gravel,  crushed  stone  and  water  a  number  of  other 
factors  have  to  be  taken  into  consideration,  for  instance,  workman- 
ship. How  true  this  statement  is,  you  may  see  from  the  causes  of 
the  collapse  of  the  two  structures  just  referred  to. 

From  the  information  received  on  the  subject  it  is  evident,  that 
in  the  first  place  both  structures  were  designed  too  weak,  the  archi- 
tects in  both  cases  should  not  have  been  allowed  to  erect  the  struc- 
tures. In  both  of  these  structures  the  columns  seem  to  have  been 
the  weakest  part  of  the  construction.  In  one  case  at  the  Bixby 
Hotel,  the  columns  were  of  apparently  ample  proportions,  namely, 
<JI,  20,  16,  12,  12  and  10  in.  sq.  from  basement  to  fifth  story.  But 
the  reinforcements  in  these  columns  consisted  only  of  four  Vj  in. 
rods,  which  were  tied  together  by  wire  at  intervals  of  about  16  in. 
In  the  case  of  the  Eastman  Kodak  Company's  buiLling  the  drawings, 
called  for  columns  18  in.  sq.  up  to  the  main  floor  and  12  in.  sq. 
above  it,  and  the  reinforcement  was  supposed  to  consist  of  four 
^-in.  rods  and  four  Kahn-bars  in  the  lower  part  of  the  columns 
and  of  four  Kahn-bars  in  the  upper  stories.  If  the  columns  had 
been  built  according  to  these  specifications,  they  would  have  been 
too  weak  for  the  heavy  load  which  they  were  expected  to  sustain, 
•or  at  least  the  design  would  be  called  defective,  because  it  did  not 
make  use  of  a  proper  safety  factor,  but  the  contractor  did  not  even 
make  the  lo\ver  part  of  the  columns  18  in.  wide.  He  made  the 
columns  12  in.  wide  throughout  and,  moreover,  omitted  in  some  of 
the  columns  the  reinforcing  rods  and  reinforced  them  only  by  four 
Kahn-bars  all  the  way  through. 

The  four  i/^Lin.  rods  at  the  corners  of  the  columns  of  the  Bixby 
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Hotel  which  had  a  sectional  area  of  400  and  250  sq.  in,  in  the  lower 
part  of  the  building  you  can  imagine  cannot  have  been  of  much 
consequence.  The  Kahn-bars  in  the- columns  of  the  other  struc- 
ture have  not  been  of  much  more  use.  They  represent  plain  bars 
with  stirrups  fastened  to  them  and  are.  from  a  theoretical  stand- 
point, better  than  rods  of  course,  but  have  this  disadvantage  that 
their  prongs  or  stirrups,  which  point  up  and  down  in  the  col- 
umns and  are  bent  to  an  angle  of  45  deg.  to  the  bar  proper,  are  in 
the  way  in  tamping  the  concrete  into  the  forms.  For  the  columns 
in  question  which  had  to  carry  a  very  heavy  load  spiral  reinforce- 
ment would  have  been  the  proper  thing,  and  I  hope  the  time  will 
not  be  far,  when  reinforced  concrete  construction  will  be  standard- 
ized to  some  degree  and  the  building  ordinances  will  only  admit 
such  kinds  of  reinforcement  which  offer  plenty  of  security,  for  in- 
stance exclusivel}-  spiral  reinforcement  for  a!l  columns  in  the  base- 
ment and  lower  stories  of  high  structures,  and  Kahn-bars  or  sim- 
ilar reinforcement  for  girders  and  beams,  where  they  are  in  their 
proper  place. 

But  faulty  design  has  not  been  the  sole  cause  of  the  terrible  ac- 
cidents which  accompanied  the  collapse  of  these  two  buildings. 
Only  parts  of  the  buildings  came  down ;  most  of  the  columns  were 
just  strong  enough  to  carry  the  superimposed  load.  To  defective 
design  was  added  careless  or  even  dishonest  workmanship. 

The  concrete  work  in  many  parts  of  the  building  of  the  Eastman 
Kodak  Co.  had  been  done  with  so  little  care  that  at  a  number  of 
columns  and  girders  the  reinforcing  bars  showed  at  the  surface 
and  the  bars  of  the  girders  were  frequently  not  surrounded  by  con- 
crete, showing  that  no  care  had  been  taken  in  tamping  the  concrete 
under  the  bars.  Some  girders,  were  deformed  by  carelessness  in 
bracing  the  forms :  and  porous  concrete  and  long  internal  cavities, 
several  inches  deep,  could  be  detected  everywhere  in  columns  and 
girders.  INIoreover,  at  many  places  the  concrete  plainly  showed 
that  it  had  been  made  with  dirty  sand,  and  leaves,  saw-dust,  shav- 
ings and  even  blocks  of  wood  could  be  discovered  in  it.  Although 
the  same  gross  negligence  in  making  the  concrete  could  not  be 
stated  after  the  Bixby  Hotel  failure,  it  is  apparent  that  weak  con- 
crete work  in  some  of  the  columns  must  have  been  the  cause  of  the 
failure,  thus  giving  a  start  to  the  collapse  of  the  entire  middle  sec- 
tion of  the  building.  Hence  the  columns  of  the  Kodak  building 
were  slightly  better  in  design  and  the  collapse  was  mainly  due  to 
careless  workmanship,  and  to  the  too  early  removal  of  the  forms, 
while  in  the  case  of  the  Bixby  Hotel,  faulty  design  was  the  primary 
cause  and  weak  concrete  at  a  number  of  places  and  the  too  early' 
removal  of  the  wooden  supports  was  the  ultimate  cause  of  the 
disaster. 

Those  of  you  who  know  how  little  attention  is  frequently  paid 
to  thorough  mixing  of  concrete  and  with  what  haste  the  work  is 
done,  will  understand  that  poor  concrete  is  a  very  common  cause 
of  failure.     The  work  is  often  done  automaticallv ;  crushed  stone, 


Micliaclis — Faihtrc   in    Concrete   Coiistruciiou.  -iVtry 

gravel,  sand  and  cement  are  fed  into  the  mixer  in  the  desired  pro- 
portions from  individual  hoppers.  Unless  the  supervision  is  very 
severe  in  such  a  case,  it  may  happen  that  one  of  the  hoppers  chokes 
and  the  material  flows  less  freely,  thus  entirely  changing  the  pro- 
portions of  the  concrete.  Such  unintentional  mistakes  amplv  suf- 
fice to  bring  about  disaster;  but  if  to  these  intentional  carelessness 
is  added  and  the  concrete  is  weakened  wilfully,  hardlv  anything 
but  failure  can  be  the  result. 

One  or  the  other  of  the  above  mentioned  weaknesses  in  the  de- 
sign or  in  the  concrete  work  may  be  present  in  any  concrete  con- 
struction, and  the  contractor  can  never  be  absolutely  sure  that  his 
building  will  not  collapse  on  removing  the  woodwork  from  under 
the  floors  and  girders,  as  long  as  he  proceeds  in  the  way  he  has  so 
far.  The  time  of  removal  of  the  centering  is  the  critical  one  and 
the  time  when  accidents  are  most  likely  to  happen.  In  many  cases 
the  forms  are  removed  when  the  concrete  is  still  quite  soft ;  it  may 
not  have  had  time  enough  to  harden  or  the  concrete  may  have 
been  spoiled  while  being  mixed,  or  concrete  partly  hardened  may 
have  been  stirred  up  again  and  mixed  with  additional  concrete. 
The  reasoning  of  the  contractor  will  generally  be,  that  it  has  liad 
time  enough  to  harden  and  that  the  forms  and  supports  must  come 
down,  because  they  are  needed  at  some  other  part  of  the  build- 
ing. Moreover,  a  floor  that  may  have  set  for  a  sufficiently  long 
time  to  carry  its  own  dead  load,  has  frequently  to  carry  the  sup- 
ports and  floors  of  one,  two  or  even  three  stories  above  it.  which 
are  in  the  course  of  construction.  The  floor  may  not  have  been  de- 
signed for  such  a  load  at  all  or  at  least  it  cannot  be  expected  to 
carry  several  times  its  own  dead  load  after  so  short  a  time,  but 
nevertheless  the  contractor  will  strike  the  centering,  when  he 
shou'd  know  that  the  collapse  of  the  floor  panel  is  almost  inevitable. 

\\'hat  can  be  done  to  prevent  such  reckless  building?  .Shall 
the  careful  contractor  suffer  for  the  negligence  of  the  incompetent 
builder,  as  is  now  the  case?  Every  additional  report  of  the  failure 
of  a  concrete  structure  tends  to  decrease  the  confidence  of  the 
public  in  this  construction.  Can  something  be  done  to  make  it 
impossible  for  the  contractor  to  erect  buildings  of  improper  design 
or  to  remove  the  wooden  supports  before  he  has  convince!  him- 
self and  the  building  inspectors  or  the  agents  of  the  owner  of  the 
structure,  that  every  part  of  the  building  is  amply  strong  to  carry 
the  load  for  which  it  has  been  designed  ? 

In  my  opinion  failures  can  materially  be  lessened,  if  not  entirely 
be  prevented,  by  proper  building  ordinances  which  make  it  com- 
pulsory to  use  concrete  of  specified  proportions  of  crushed  stone, 
sand  and  cement,  to  use  the  proper  kind  of  reinforcement  in  each 
case  and  the  necessary  amount  of  it.  Certain  standard  rules  should' 
be  laid  down  bv  a  board  of  building  examiners  and  certain  types; 
of  reinforcing  material  should  be  excluded  where  they  are  not  in 
their  proper  place.  In  addition  to  these  points,  which  refer  to  the 
designing  of  the  structure,  the  erection  of  the  building  should  be 
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accompanied  by  continuous  tests  of  the  concrete  that  goes  into  the 
construction  and  the  builder  should  be  compelled  to  inform  himself 
of  the  strength  of  each  column,  girder,  beam  and  floor  slab  before 
striking  the  forms  and  placing  the  load  upon  them.  In  the  fol- 
lowing let  me  explain  to  you  what  I  mean  by  this  and  let  me  illus- 
trate how  I  would  like  to  see  such  building  laws  drawn  up.  In 
order  to  facilitate  this  I  will  make  use  of  the  data  relating  to  the 
columns  of  the  two  collapsed  structures,  which  I  have  mentioned 
and  with  which  you  are  familiar  and  \\i\\  show  how  proper  ordi- 
nances can  prevent  similar  faulty  construction. 

Some  building  ordinances  speak  of  concrete  only  in  a  very  gen- 
eral way :  they  specify  a  certain  load  "per  square  foot  of  con- 
crete," which  shall  not  be  exceeded  in  the  design,  but  make  no 
mention  of  tJie  proportions  of  the  various  substances  that  make  up 
the  aggregate  and  thus  make  it  possible  for  the  architect  to  specif}- 
1 :4:io  concrete  in  places  where  i  :2  14  or  1 13  :5  would  be  the  proper 
mixture  to  tise.  I  have  more  than  once  heard  contractors  argue 
that,  in  certain  walls  and  piers  a  mixture  of  i  '.4:10  would  do,  when 
I  had  specified  the  work  to  be  made  of  1 13  :5  concrete. 

^Moreover,  the  nature  of  the  crushed  stone  and  sand  should  be 
taken  into  consideration.  The  stone  should  be  submitted  to  tests 
for  compressive  strength,  so  that  the  contractor  may  be  sure  that 
it  does  not  weaken  but  rather  strengthens  the  concrete.  The  best 
of  all  would  be  to  have  the  contractor  determine  the  voids  in  the 
crushed  stone  and  in  the  mixture  of  crushed  stone  and  sand,  and 
thus  to  find  the  most  favorable  ratio  of  cement  to  stone  and  sand, 
as  this  varies  with  the  nature  of  the  aggregate.  By  these  means  the 
contractor  may  not  only  obtain  a  harder  concrete,  but  in  many  cases 
considerably  reduce  the  cost  of  it. 

The  percentage  of  reinforcement  should  he  specified  for  the  vari- 
ous mixtures  of  concrete  and  for  varying  loads,  so  that  it  may  not 
happen  again  that  an  architect  tries  to  reinforce  a  20-in.  column  in 
the  basement  of  a  five  story  building  by  four  5^  in.  rods,  that  is 
to  say,  by  less  than  ^  per  cent  of  reinforcement.  The  columns 
are  naturally  the  points  from  whence  the  greatest  disaster  is  to  be 
expected,  as  their  failure  causes  an  entire  portion  of  the  structure 
to  come  down,  while  a  weak  girder  or  beam  can  onl}'  be  the  cause 
of  the  collapse  of  a  floor  panel.  Therefore  columns  should  be 
heavily  reinforced  and  preferably  only  by  reinforcement  which 
gives  ample  warning  of  a  coming  disaster,  as,  by  crumbling  and 
scaling  ofif  of  the  concrete  on  the  outside  of  the  column.  Such 
reinforcement  is  spiral  reinforcement  of  the  Considere  type  or  ex- 
panded metal  cylinders.  These  should  be  used  exclusively  for 
columns,  which  have  to  sustain  heavy  loads,  and  bars  of  any  de- 
scription should  be  prohibited. 

For  girders  and  beams,  trussed  bars  should  be  preferred  to  single 
bars,  which  are  simply  connected  by  stirrups,  as  the  former  repre- 
sent units  which  cannot  be  easily  moved  out  of  place  in  tamping 
the  mortar  into  the  forms. 
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The  thickness  of  the  wcxxlen  planks  and  wooden  sn])])orts  of  tlie 
forms  should  be  specified  for  each  load,  so  that  girders  and  beams 
be  not  deformed  during  the  tamping  of  the  concrete. 

In  the  construction  of  floors  it  should  not  be  allowed  to  erect  the 
woodwork  for  the  next  floor  above  it  on  the  green  floor.  This 
method  of  building  the  floors  imposes  too  much  of  a  load  on  the 
fresh  concrete.  The  forms  for  the  floors  should  be  supported  in- 
dependently of  the  floor  underneath  by  inclined  posts,  so  that  the 
weight  of  the  forms  and  floor  shall  rest  upon  the  columns  and  gird- 
ers and  not  upon  the  floor  below.  Or  in  case  the  former  method 
of  construction  is  adopted,  the  centering  should  be  removed  only 
when  the  top  floor  or  roof  has  set  hard,  and  then  the  removal  of 
the  planks  and  supports  should  begin  at  the  top  and  not  at  the  bot- 
tom, so  that  a  comparatively  fresh  third  floor  has  not  to  sustain 
the  load  of  three  or  four  floors  above  it  with  all  the  woodwork 
between  them. 

The  requirements  of  which  I  have  spoken  so  far,  dealt  with  the 
design  of  the  structure  or  the  method  of  erecting  it.  We  now  have 
to  discuss  such  methods  for  testing  concrete  as  might  reasonably 
be  forced  upon  the  contractor  in  order  to  assure  success. 

From  my  previous  description  of  negligent  concrete  work  you 
will  have  seen,  that  it  is  not  at  all  sufficient  to  test  the  cement, 
crushed  stone  and  sand.  The  contractor  may  have  the  best  ma- 
terials on  the  ground,  that  can  be  imagined  for  the  purpose,  and 
yet  he  may  make  them  into  a  weak  concrete  and  his  work  may 
result  in  failure  notwithstanding  skillful  design  and  proper  and 
sufficient  reinforcement.  Therefore  I  regard  it  as  the  most  impor- 
tant point  in  concrete  construction,  that  every  contrator,  who  un- 
dertake to  erect  buildings,  more  than  one  story  high,  should  have 
a  small  shed  on  the  grounds  w^hich  is  more  or  less  equipped  as  a 
testing  station  according  to  the  amount  of  work  he  undertakes. 

The  main  equipment  of  such  an  experimental  station  should  be 
a  powerful  hydraulic  press  which  enables  him  to  crush  6-inch  con- 
crete cubes.  During  the  course  of  construction  he  should  take  a 
sample  of  the  well-mixed  concrete  that  goes  into  the  construction 
work  and  should  fill  a  mould  with  it  at  the  time  the  concrete  is 
being  tamped  into  the  forms.  This  should  be  done  for  every  cubic 
vard  of  concrete  that  goes  into  the  columns,  girders,  beams  and  floor 
slabs;  it  might  be  done  less  frequently  w'ith  foundation  work, 
where  larger  amounts  of  concrete  are  involved.  The  moulds 
should  be  set  aside  and  should  be  numbered,  so  that  for  each  test 
piece  it  is  known  with  which  part  of  a  column  or  with  which  girder 
or  beam  it  corresponds.  Then  before  striking  the  forms  the  con- 
tractor should  crush  his  test  cubes  and  determine  their  resistance 
to  compressive  stress.  This  alone  will  tell  him  whether  or  not 
he  can  safely  remove  the  woodwork.  There  should  be  several  test 
cubes  for  every  5  or  10  feet  of  a  column  or  girder,  so  that  an  aver- 
age from  2  or  3  tests  is  obtained  and  that  still  some  test  pieces 
remain  for  future  dates,  if  the  strength  is  not  found  to  be  satisfac- 
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tory.  when  being-  tested  the  first  time,  and  if  consequently  the  con- 
crete work  has  to  be  allowed  to  harden  for  an  additional  week  or 
two.  Such  tests  would  show  the  contractor  at  which  part  of  his 
construction  weak  concrete  has  been  used.  He  would  have  to  give 
that  special  part  of  the  building  more  time  to  harden  or  can  re- 
move it  in  time  and  replace  it  by  better  concrete,  if  he  notices  that 
the  test  cubes  which  he  keeps  do  not  increase  in  strength  from 
week  to  week. 

The  figures  which  the  contractor  obtains  from  his  test  cubes  sub- 
mitted to  compressive  strength  will  enable  him  to  calculate  the  load 
that  a  column  is  able  to  sustain.  He  knows  by  experience  or  from 
observations  of  competent  experimenters  how  much  he  is  allowed 
to  add  to  the  strength  obtained  by  his  tests  for  every  per  cent  of 
reinforcement  of  a  certain  type  which  he  has  imbedded  in  the  con- 
crete. 

Aluah  excellent  work  has  been  done  these  last  years  in  the  way 
of  testing  concrete  w^ork  at  well  equipped  experimental  stations, 
for  instance  bv  Professor  Talbot  of  the  Universitv  of  Illinois,  bv 
Mr.  Harding  of  the  C,  M.  &  St.  P.  Railway  and  bv  Air.  Van 
Ornum  and  others.  Through  their  work  we  have  received  insight 
into  the  various  phases  of  failure  of  beams  and  have  been  taucjht 
the  advantages  and  disadvantages  of  different  methods  of.  rein- 
forcing; briefly  we  have  been  familiarized  with  a  subject  about 
which  very  little  was  known  up  to  a  short  time  ago.  To  these  same 
experimenters  I  wish  to  appeal  in  this  paper  and  should  like  to 
request  them  to  bring  their  highly  scientific  methods  of  testing 
down  to  the  plane  of  actual  practice.  They  have  laboratories 
which  are  thoroughly  equipped  for  this  purpose  and  will  be  able 
to  contribute  a  great  deal  to  leading  concrete  construction  the 
right  way,  if  they  only  realize  our  wants.  \\'hat  we  need  is  short 
and  inexpensive  tests  of  concrete  and  formulas  which  permit  us 
to  draw  reliable  conclusions  from  tests  of  concrete.  If  mathemat- 
ical laws  could  be  established  which  would  allow  us  to  compare 
figures  obtained  from  concrete  without  reinforcement  with  those 
obtained  from  reinforced  concrete,  we  could  omit  elaborate  tests 
of  complete  beams  and  girders.  For  instance,  it  would  be  of  great 
practical  value  to  know  the  loads  which  can  safely  be  sustained  by 
a  lo-ft.  beam  reinforced  with  steel.  b\'  a  beam  of  the  same  di- 
mensions without  reinforcement  and  by  a  beam  of  half  or  one- 
third  this  length.  If  a  certain  ratio  could  be  established  between 
these  three,  the  contractor  could  make  test  pieces  of  small  beams 
without  reinforcement,  as  he  goes  on  with  his  construction,  load 
them  until  they  break,  and  thereby  draw  conclusions  as  to  the 
lead  that  the  lo-ft.  reinforced  beam  of  the  structure  can  safely 
carry  at  the  time  of  the  test. 

The  experiments  of  the  above  mentioned  investigators  enable 
us  to  properly  design  any  part  of  the  structure,  since  we  know  the 
behaviour  of  concrete  and  steel  under  different  conditions  and  the 
effect  of  repetition  of  load  and  retention  of  load.     The  principles 
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which  they  have  established  by  their  work  are  of  great  vahie  to 
the  desio^ner.  But  the  contractor  would  have  to  go  the  reverse 
wa}-,  if  he  would  follow  my  suggestions.  The  only  known  data 
for  him  would  be  the  figures  obtained  from  his  test  pieces  and 
from  these  he  would  have  to  draw  l^is  conclusions.  Thereby  he 
would  check  the  calculations  of  the  designer  and  give  the  only 
reliable  proof  of  the  safety  of  the  construction.  I  realize  that  it 
will  not  be  easy  to  establish  rules,  which  will  permit  of  drawing 
conclusions  the  reverse  way :  it  would  require  a  large  number 
of  comparative  tests.  But  even  approximate  figures  would  be 
of  great  value  for  the  guidance  of  the  contractor  until  the  time 
when  every  phase  of  this  science  will  be  fully  worked  out. 

If  a  few^  of  our  large  cities  would  make  a  start  and  adopt  such 
building  ordinances  as  I  have  suggested,  smaller  towns  would 
soon  follow  their  example  and  it  would  be  known  among  the  build- 
ing public,  where  ordinances  exist  wdiich  safeguard  concrete  con- 
struction and  where  not.  Then  every  prospective  owner  of  a 
building  no  matter  in  which  state  or  town  or  country  place  he 
mav  be.  will  be  in  a  position  to  stipulate  in  his  contract  with  the 
engineering  firm  or  contractor  who  attends  to  the  designing  and 
erecting  of  the  building,  that  in  every  detail  the  design  and  erection 
of  the  structure  shall  conform  to  certain  approved  building  ordi- 
nances. 

In  order  to  attain  the  desired  results  the  co-operation  of  every- 
one interested  in  concrete  construction  is  necessary.  All  experi- 
mental stations  equipped  with  the  proper  testing  apparatus  should 
offer  their  services  for  the  sake  of  public  welfare  and  every  builder 
and  contractor  should  in  his  own  interest  see  to  it  that  such  laws 
and  ordinances  are  drawn  up  and  enforced.  Only  this  will  make 
concrete  costruction  a  safe  enterprise  and  prevent  it  from  falling- 
into  discredit.  The  commissioners  of  buildings  of  our  large  cities 
would  have  to  take  the  lead  in  this  movement  and  ta  consult  compe- 
tent men  on  the  subject,  so  that  everything  possible  might  be 
done  to  prevent  failure  in  concrete  costruction  by  enforcing  upon 
the  designer  and  contractor  certain  standard  rules  and  methods  of 
testing.  If  all  this  has  been  attained,  reinforced  concrete  con- 
struction will  become  the  most  widely  used  method  of  building. 
But.  so  far.  concrete  is  the  building  material  of  the  widest  possibil- 
ities and  yet  the  most  unsafe  to  use. 

ADDENDA. 

Since  this  paper  was  written,  about  two  months  ago.  some  ad- 
ditional failures  of  concrete  structures  have  occurred,  one  of  them 
being  the  collapse  of  the  176-ft.  reinforced  concrete  chiinney  at 
Louisville.  Ky.  The  disaster  was  due  to  the  poorest  kind  of  con- 
crete and  to  the  lack  of  a  mechanical  bond  between  horizontal  and 
vertical  reinforcement,  or  in  other  words,  it  was  caused  by  de- 
fective workmanship  and  insufificient  inspection. 

After  having  listened  to  the  account  of  the  lunnerous  accidents 
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of  which  I  have  spoken,  nobody  will  deny  that  there  is  something 
radically  wrong  with  our  building  codes,  and  in  fact  this  has  been 
frankly  admitted  by  a  number  of  engineers,  but  so  far  nobody 
has  proposed  a  satisfactory  remedy. 

Some  associations  have  since  come  to  the  conclusion  to  educate 
people  by  proper  literature.  This  is  a  very  praiseworthy  inten- 
tion of  course,  but  it  will  not  be  effective  alone.  For  a  number 
of  years,  American  technical  literature  is  not  at  all  deficient  in 
good  books  and  articles  on  the  subject,  and  the  men  who  have 
designed  and  had  charge  of  the  work  which  resulted  in  failure 
were  not  necessarily  ignorant  of  their  profession.  Keen  competi- 
tion forced  them  to  underbid  others  and  as  a  result  of  this,  they 
rushed  the  work  and  became  less  watchful  than  before.  Inefficient 
inspection,  therefore,  is  the  root  of  these  disasters.  It  is  not  at 
all  sufficient  to  have  good  literature  and  building  laws  which  teach 
how  to  do  the  work  or  how  it  might  have  been  done.  The  main 
thing  is  proper  supervision  on  the  part  of  building  inspectors  who 
understand  their  business  and  who  will  compel  the  contractor  to 
prove  to  them  that  the  work  has  been  done  in  the  right  way. 
These  tests  should  be  made  before  removing  the  wooden  supports 
or  forms. 

If  we  review  the  various  building  regulations  existing  in  the 
United  States  we  find  some,  for  instance  the  building  codes  of 
Xew  York  City  and  of  Chicago,  that  contain  some  meager  in- 
formation upon  which  a  sensible  engineer  can  base  a  successful 
design,  if  he  properly  superintends  the  erection  of  the  work ;  this 
is  fortunately  done  in  most  cases.  But  building  ordinances  should 
be  of  such  a  nature,  that  the  erection  of  concrete  structures  is 
accompanied  by  success  not  only  in  the  majority  of  the  cases,  but 
in  everv  single  instance.  ]\Iany  building  regulations  contain  arbi- 
trary time  limits,  which  oft'er  no'  safety  whatever.  The  minimum 
time  is  stated  during  which  the  forms  must  be  left  in  place  in  or- 
dinary weather.  In  cold  weather  this  time  is  lengthened  according 
to  the  judgment  of  the  foreman.  For  instance  some  of  the  rules 
demand :  ''The  forms  may  be  removed  in  the  case  of  heavy  walls 
after  one  to  three  days  or  until  the  concrete  will  bear  pressure 
of  the  thumb  without  indentation."  You  can  imagine  that  a  con- 
crete which  will  merely  bear  pressure  of  the  thumb  cannot  be 
very  strong,  but  nevertheless  such  a  test  is  regarded  sufficient  in 
the  case  of  a  heavy  wall.  All  building  ordinances  in  the  United 
States  relating  to  concrete  construction  are  deficient  in  the  point 
of  inspection.  They  stipulate  that  the  contractor  must  be  pre- 
pared to  make  tests  within  a  reasonable  time  after  erection,  and 
as  often  as  may  be  required.  In  many  cases  this  means  that 
the  tests  have  to  be  made  after  a  number  of  workmen  have  been 
killed  during  the  removal  of  the  forms.  The  tests  should  be  made 
before  the  supports  are  removed.  For  this  purpose  it  is  sufficient 
to  expose  part  of  a  column  or  wall  or  occasionally  an  entire  beam. 

If  we  consider  the  factors  of  safety  which  the  various  building 
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ordinances  of  this   country   demand,    we   find   safe   fifjures   in   the 
case  of  our  large  cities : 

For  concrete  in  girders,  heams  and  floors  they  make  use  of  a 
factor  of  safety  of  4,  and  for  columns  and  piers  of  6.  For  steel 
they  use  a  factor  of  safety  of  2,  and  in  some  cases  of  3. 

These  figures  are  about  the  same  as  customary  in  other  countries 
with  the  exception  of  Germany.  The  Prussian  Government  de- 
mands for  beams  and  floors  about  the  same  factors  of  safety  as 
our  large  cities  of  the  United  States,  namely,  for  concrete  5,  for 
steel  2.  But  in  direct  compression  in  columns  and  piers,  they 
prescribe  factors  of  safety  of  10  for  concrete  and  of  5  for  steel. 
The  latest  edition  of  the  excellent  book  on  "Reinforced  Concrete" 
by  the  English  Civil  Engineer,  Mr.  Charles  F.  Marsh,  contains  a 
translation  of  the  Prussion  Government  regulations  which  are  so 
far  the  most  complete  and  most  efifective.  In  a  foot  note,  Mr. 
^larsh  comments  on  the  factor  of  safety  of  10  demanded  for  con- 
crete in  direct  compression  and  says :  "This  factor  of  safety  is 
much  too  large;  a  factor  of  5  is  quite  sufficient."  In  this  remark 
he  mav  be  correct  as  far  as  Great  Britain  is  concerned,  but  in 
the  United  States  under  present  conditions  no  factor  of  safety  can 
be  too  large,  since  supervision  is  absolutely  inadequate  in  this 
country,  as  the  many  accidents  prove.  That  the  Pression  Govern- 
ment demands  so  high  a  factor  of  safety  for  the  designing  of 
columns  and  piers,  certainly  shows  much  forethought.  They  thus 
protect  the  most,  those  parts  of  the  construction  from  which  the 
greatest  amount  of  disaster  is  apt  to  result.  Moreover,  to  severe 
demands  in  the  design  of  a  structure,  the  government  of  Prussia 
adds  the  most  rigorous  inspection.  The  building  inspectors  thor- 
oughly examine  every  column,  girder  and  floor  slab  before  the 
woodwork  is  removed  and  thus  prevent  failures  due  to  the  too 
earlv  removal  of  the  forms,  which  is  the  most  common  cause  of 
disaster  in  the  United  States.  Furthermore,  European  builders 
are  allowed  to  erect  only  one  story  at  a  time  and  to  start  the 
next  onlv  after  the  building  inspectors  have  made  sure  that  the 
first  story  is  sufficiently  strong  to  carry  the  load. 

The  governments  of  all  countries  belonging  to  the  "International 
Society  for  Testing  jMaterials"  have  tried  to  standardize  building 
methods  during  the  last  twenty  years.  However,  it  will  take  a 
long  time  vet  before  definite  rules  can  be  laid  down  for  concrete 
construction,  as  this  youngest  branch  of  the  building  industry  is 
still  in  its  earlv  development  and  as  the  principles  governing  it 
are  not  vet  full'v  established.  In  the  meantime,  until  this  type 
of  construction'  shall  be  thoroughly  understood,  other  countries 
successfully  prevent  failure  by  proper  building  ordinances  and  a 
very  rigorous  inspection  during  the  course  of  erection,  and  this 
country  should  possess  similar  building  laws  and  an  efficient  in- 
spection which  would  obviate  disaster. 

Building  ordinances  for  concrete  construction  that  are  found  to 
be  efifective  in  other  countries,  can  not  be  simply  copied  and    3e 
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applied  to  this  country.  Even  if  this  country  should  adopt  build- 
ing ordinances  as  severe  as  those  of  European  countries,  concrete 
construction  would  not  be  much  safer  than  it  is  now,  unless  such 
ordinances  be  accompanied  by  laws  which  compel  the  contractor 
to  make  continuous  tests  of  the  concrete  in  the  way  I  have  sug- 
gested. 

Prof.  A.  N.  Talbot,  m.w.s.e.   (by  letter)  :  The  statement  in  Dr. 
^Nlichaelis's  paper  that   "tests  of  concrete  should  be   made   during 
the  progress  of.  the  construction  of  the  building"  is  an  important 
one.     The  writer  has  long  felt  the  desirability  of    a     requirement 
that  tests  be  made  of  the  concrete  actually  put  in  a  structure  and 
is  now  investigating  a  method  which  he  hopes  will  be  serviceable 
for  this  purpose.     In  connection  with  the  numerous  tests  of  beams, 
T-beams  and  cokmms  in  progress  at  the  University  of  Illinois,  he 
is  including  a  set  of  flexural    tests    on    test    beams    of    plain    con- 
crete, 6  by  8  in.  by  3  ft.  span  and  loaded  at  the  one-third  points, 
this   loading  being  chosen  to   further  bring  out  the  weakness   of 
the  test  pieces.     The  beams  are  made   from  the  same  mixture  of 
concrete  as   are  the   reinforced  concrete  beams   and  columns,   and 
the  test  is  made  at  the  same  age.     The  concrete  varies  from  very 
rich  to  very  lean  mixture,  and  the  age  of  test  runs  from  4  to  60 
days  and  longer.     The  results  will  be  compared  with  the  strength 
of   the   reinforced   test  pieces.     It   is   the   writer's   idea   that   these 
beams  may  measure  the  quality  of  the  concrete  and  in  many  ways 
will  tell  the  strength  of  the   reinforced   concrete    structure.     The 
modulus  of  rupture  is  very  close  to  the  tensile  strength  and  ten- 
sile  strength  is  indicative  of  many  of  the  purposes  and  require- 
ments in  reinforced  concrete  beams  and  in  some  respects  indicates 
the  compression  quality  also.     Compression  tests  are  made  on  test 
pieces  from  the  same  mixtures.     If  these  results  prove  to  be  suffi- 
ciently accurate,   the  writer  intends  to  suggest  these  flexure  tests 
of  concrete  as  a  method  of  finding    whether    the    concrete    which 
goes  into  a  building  is  composed  of  proper  ingredients  and  properly 
mixed.     Of  course,  this  will  not  safe-guard  the  further  opportun- 
itv  for  weakness  in  the  placing  of  concrete  in  forms  nor  will  it 
give   the   freedom   from   stress  before   a   sufficient  set   is  obtained, 
which  is  necessary  to  secure  a  building  of  proper  strength.     The 
freedom  from  stress  during  setting  is,  of  itself,  a  very  important 
item. 

Note — At  the  conclusicii  of  reading  the  above  paper,  the  hour  was  so 
late  there  was  no  time  for  any  discussion  by  those  present,  nor  has  this  sub- 
ject been   brought   forward   at   any  meeting   since   then. 

Publication  Committee. 


THE  APPLICATION  OF  THE  STORAGE  BATTERY  TO  LIGHTING.  POWER  AND 
RAILWAY  SERVICE. 

Read  before  the  lilectrieal  Seetioii.   Mar.   75,   /po/. 

Bv  J.  M.  S.  Warixi;. 

In  this  paper  I  have  divided  batteries  for  lightino^.  power  and 
railway  service  into  two  g^eneral  classes  under  the  headino^s.  (A) 
batteries  for  railway  and  power  service:  (11).  batteries  for  lighting 
service,  and  have  subdivided  each  of  these  classes  under  two  sub- 
headings. I  have  then  shown  the  functions  of  the  storage  bat- 
tery for  the  classes  of  service  falling  under  these  sub-headings. 
These  divisions  and  subdivisions  arc  shown  by  a  diagram  on  the 
following  page : 

For  the  purpose  of  this  discussion,  I  have  divided  the  paper  into 
two  parts,  the  first  part  treating  of  the  means  of  controlling  the 
charge  and  discharge  of  batteries :  the  second  part  treating  of  the 
results  accomplished  by  the  batteries  in  their  various  applications 
to  lighting,  power  and  railway  service. 

Part  First. 

In  order  to  properlv  comprehend  the  method  of  regulating  bat 
terv  charge  and  discharge,  it  is  necessary  to  be  familiar,  first  with 
the  general  characteristics  of  a  storage  cell,  and  second,  to  have 
a  thorough  conception  of  the  method  of  maintaining  some  prede- 
termined charge  or  discharge  of  the  cell  for  some  fixed  period  of 
time. 

Sketch  4  illustrates  in  a  general  way  the  discharge  curves  of  a 
cell  at  various  rates,  and  also  a  charging  curve  at  the  normal  or 
eight  hour  rate.  In  discharging  a  cell  at  any  rate,  the  voltage 
at  the  beginning  will  drop  rapidly:  then  the  drop  in  voltage  will 
be  comparatively  slight  over  a  long  period  until  near  the  end  of 
the  discharge  when  it  will  again  drop  rapidly.  What  is  known 
as  the  limiting  discharge  voltage  of  a  cell  at  any  rate  is  a  point  just 
over  the  break  in  the  curve.  If  the  cell  were  allowed  to  (licharge 
beyond  this  point,  at  the  same  constant  rate,  its  voltage  in  a  very 
short  time  would  drop  to  zero.  During  the  charge  of  the  batterx 
at  anv  rate,  the  voltage  will  rise  rapidly  at  first,  then  less  rapidl> 
until  near  the  end  of  charge,  when  it  will  again  rise  rapidlv  to  a 
point  generallv  known  as  the  maximum  charging  voltage.  I  f  the 
charge  is  continued  bevond  this  point,  the  voltage  will  remain  prac- 
ticallv  constant.  As  soon -as  the  flat  part  of  the  curve  is  reached, 
the  cell  is  completely  charged,  and  the  further  passage  of  current 
will  give  practically  no  additional  capacity. 
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A  cell  on  open  circuit  will  show  approximately  2.08  volts,  which 
is  practically  independent  of  the  state  of  charge  of  the  cell.  This 
is  frequently  known  as  the  floating  voltage  of  a  battery ;  in  other 
words,  a  cell  of  storage  battery,  if  connected  across  a  potential  of 
2.08  volts,  will  neither  charge  nor  discharge. 

In  order  to  maintain  a  constant  rate  of  charge  or  discharge  from 
a  storage  cell,  the  e.m.f.  of  the  source  of  supply  or  demand  must, 
throughout  the  charge  or  discharge  of  the  cell,  be  increased  or  de- 
creased so  as  to  conform  to  the  charge  or  discharge  curve  at  that 
particular  rate.  As  an  illustration,  let  us  suppose  it  is  desired  to 
discharge  a  cell  at  a  rate  of  100  amperes  for  eight  hours,  assum- 
ing that  to  be  the  capacity  of  this  particular  cell;  if  it  is  first  con- 
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nected  across  a  potential  of  2.08  volts,  it  will  neither  charge  nor 
dicharge.  If  this  potential  is  instantaneously  reduced  to  2.04  volts, 
the  cell  will  discharge  at  a  rate  of  say  100  amperes,  more  or  less, 
according  to  the  state  of  charge,  temperature,  etc. ;  that  is,  the  in- 
stantaneous drop  in  cell  voltage  will  be  0.04  volts  when  discharging 
at  a  rate  of  100  amperes.  This  first  drop  in  voltage  is  practically 
entirely  due  to  the  internal  resistance  of  the  cell.  As  the  resistance 
of  the  cell  in  question  is  approximately  0.0004  ohms,  under  the 
above  conditions  the  cell  must  be  connected  across  a  potential  of 
2.04  volts,  when  it  will  begin  to  discharge  at  a  rate  of  100  amperes. 
As  the  discharge  goes  on,  the  e.m.f.  across  the  cell  must  be  re- 
duced until  at  the  end  of  eight  hours  it  will  have  reached  the  final 
voltage  of  that  particular  discharge  rate :  that  is  to  say.  in  order  to 
keep  the  discharge  of  this  battery  constant  at  100  amperes  for  a 
period  of  eight  l^ours,  we  have  gradually  reduced  the  voltage  of  the 
circuit  to  which  the  battery  is  connected  so  that  the  curve  of  voltage 
maintained  across  the  cell  throughout  the  discharge  is  the  eight- 
hour  discharge  curve  of  the  battery.  If  these  points  are  thoroughly 
understood,  there  should  be  no  difficulty  in  understanding  the  oper- 
ation of  such  auxiliary  apparatus  as  is  necessary  for  the  control  of 
the  battery.  Battery  regulation  may  be  generally  divided  into  two 
classes,  automatic  and  hand  regulation. 

AUTOMATIC    REGULATION. 

In  cases  where  it  is  necessary  to  make  the  battery  charge  or  dis- 
charge suddenly  and  for  short  intervals  of  time,  automatic  regula- 
tion is  required.  This  is  necessary  in  batteries  classed  under  the. 
headings.  "A  i"  and  "A  2."  where  current  regulation  is  to  be  ef- 
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fected.  As  a  matter  of  fact,  practically  all  batteries  in  railway  work, 
whether  power  house,  sub-station  or  line  batteries,  are  required  to 
give  current  regulation,  even  if  primarily  installed  for  some  other 
purpose,  such  as  peak  work.  Therefore,  in  this  class  of  service, 
the  auxiliary  apparatus  must  be  such  as  to  automatically  regulate 
the  charge  or  discharge  of  the  battery,  causing  it  to  discharge  at 
intervals  of  heavy  load,  and  charge  at  times  of  light  load.  This 
is  usually  accomplished  by  means  of  a  booster,  although  in  some 
line  battery  applications  no  booster  is  used,  as  will  be  explained 
later.  In  power  house  or  sub-station  batteries,  the  type  machine  in 
most  general  use  is  know^n  as  the  regulating  shunt  booster.  The 
operation  of  this  is  as  follows : 

Referring  to  sketch  5,  the  battery  in  series  with  the  armature  of 
the  booster  is  connected  directly  across  the  generator  or  rotary  bus. 
The  booster  in  this  case  is  a  specially  designed  shunt  wound  ma- 
chine. Let  us  suppose  that  the  average  load  on  this  sub-station 
(sketch  i)  is  400  amperes,  and  that  it  is  subjected  to  heavy  and 
sudden  fluctuations  of  load,  varying  from  a  maximum  of  looo  am- 
peres to  a  minimum  of  100  amperes ;  the  fluctuation  above  the  aver- 
age therefore  amounting  to  600  and  the  fluctuation  below  amount- 
ing to  300  amperes.  The  function  of  the  battery  in  this  case  is  to 
relieve  the  station  of  these  fluctuations,  maintaining  a  constant  load 
on  the  generator  or  rotary  approximately  equal  to  the  average  of 
400  amperes. 
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As  we  have  already  fovind  from  the  discussion  of  the  character- 
istic of  a  storage  cell,  in  oi-der  to  make  this  battery  discharge  at  a 
predetermined  rate  of  600  amperes  for  a  predetermined  time  of, 
say,  15  seconds,  the  voltage  supplied  across  the  battery  terminals 
must  be  dropped  an  amount  equal  to  the  drop  in  battery  voltage 
under  this  discharge  and  for  this  period  of  time ;  in  other  words, 
let  us  assume  that  this  particular  battery,  when  discharging  at  a 
rate  of  600  amperes  for  15  seconds.,  will  drop  10  per  cent,  in  volt- 
age. Since  the  floating  voltage  of  the  battery  is  600  volts,  its  mini- 
mum voltage  under  this  discharge  will  be  540  volts.  The  booster 
must,  therefore,  give  6d  volts,  and  its  potential  must  be  in  a  direc- 
tion opposite  to  that  of  the  station  bus,  so  that  the  required  540 
volts  will  be  applied  across  the  battery  terminals.  In  order  to  make 
the  battery  charge  at  a  predetermined  rate  for  a  predetermined  time, 
the  booster  must  generate  a  voltage  equal  to  the  increase  in  bat- 
tery voltage  above  its  floating  point,  and  the  potential  of  the  booster 
in  this  case  will  be  in  the  same  direction  as  the  bus  potential,  thus 
giving  the  necessary  charging  voltage  across  the  battery  terminals. 
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Tliese  automatic  changes  in  field  excitation  and  the  reversals  oL 
the  field  are,  with  a  regulatino-  shunt  booster,  accomplished  by  means; 
of  a  carbon  regulator.  This  regulator  (sketch  6)  consists  of  two  piles 
of  carbon  discs  connected  in  series  across  a  part  of  the  battery,  this 
battery  potential  causing  a  ccjntinued  flow  of  current  through  the 
carbon  piles.  The  booster  field  is  excited  by  an  exciter,  the  field  of 
which  is  connected  from  a  point  midway  between  the  carbon  pile.-- 
to  a  point  on  the  battery  midway  between  the  connections  of  the- 
carbon  piles  to  the  cells.  A  lever  is  carried  on  a  fulcrum  locatedJ 
between  the  two  piles.  From  one  end  of  the  lever  is  suspendecF 
the  iron  core  of  a  solenoid,  S,  which  solenoid  carries  the  output 
of  the  generator;  at  the  other  end  is  an  adjustable  spring  which, 
when  the  battery  is  required  for  current  regulation  only,  is  so  ad- 
justed that  its  pull  will  exactly  equal  the  pull  of  the  solenoid  at  the 
time  of  the  average  load  on  the  plant.  The  operation  of  this  reg- 
ulator is  based  on  the  principle  that  the  contact  resistances  between 
two  carbon  surfaces  is  decreased  by  pressure.  When  the  average 
load  on  the  station  obtains,  and  the  pull  of  the  spring  exactly  bal- 
ances the  pull  of  the  solenoid,  the  resistances  of  the  two  piles  of 
carbon  are  the  same,  and  no  current  flows  through  the  fields  of  the-^ 
exciter.  Now,  if  the  current  from  the  generator  increases  by  a 
very  small  amount,  the  increased  pull  exercised  by  the  solenoid  will 
compress  one  pile  and  reduce  the  pressure  on  the  other,  thus  de- 
stroying the  equilibrium  and  causing  current  to  flow  through  the 
exciter  field  in  such  a  direction  as  to  give  the  necessary  excitation 
of  the  booster  field  in  the  proper  direction  for  battery  discharge. 
Conversely  at  times  when  the  load  on  the  station  is  less  than  the 
average,  a  slight  decrease  in  the  current  through  the  solenoid  com- 
presses the  other  pile,  thus  causing  a  reversal  in  direction  of  the 
current  flowing  through  the  exciter  field,  and  giving  the  booster  an 
e.m.f.  in  the  direction  of  charge. 
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Under  the  heading  "Line  Batteries,"  automatic  regulation  may 

"be  effected,  first,  by  means  of  a  booster;  and,  second,  by  means  of 

the  Hne  drop,  the  battery  in  the  latter  case  floating  directly  across 

the  line  without  any  auxiliary  apparatus.     In  the  first  case,  the  type 

of  booster  used  is  a  specially  .designed  compound  wound  machine 

(sketch  8).    When  the  average  load  obtains  on  this  particular  line, 

and  therefore  the  average  voltage  exists  at  the  battery,  the  battery 

should  float;  that  is,  should  neither  charge  no  discharge,  and  the 

booster  voltage  at  that  time  will  be  zero.     Now  if  a  heavy  load  is 

applied  to  the  line,  a  slight  drop  in  the  line  voltage  at  the  battery 

^will  start  a  discharge   from  the  battery ;    this    discharge    passing 

::through  the  series  fields  of  the  booster  builds  the  voltage  of  this 

-machine  up  to  the  required  amount. 

In  the  second  case  of  Line  Battery  operation,  which  is  illustrated 
by  sketch  9,  while  the  average  line  voltage  obtains  at  the  battery, 
the  batterv  floats;  a  heavy  load  applied  to  the  line  causes  a  drop  in 
voltage  at  the  battery,  thus  causing  a  batttery  discharge  to  the  line. 
It  is  obviously  impossible  by  this  means  to  relieve  a  line  of  the 
-same  percentage  of  fluctuations  as  can  be  accomplished  by  the  use 
•of  a  booster  in  conjunction  with  a  battery,  as  the  characteristic  of 
the  battery  in  the  latter  case  is  similar  to  that  of  a  shunt  wound 
-generator  applied  at  this  point,  while  in  the  case  of  the  line  battery 
operating  with  a  booster,  a  practically  constant  potential  is  applied 
:^cross  the  line  at  the  point  where  the  battery  is  installed. 

In  certain  classes  of  power  work  where  the  load  consists  of  a 
:5teady  lighting  load,  and  a  fluctuating  load,  due  to  the  operation 
of  motors,  another  type  of  booster  known  as  the  constant  current 
"booster  is  frequently  used.  This  is  illustrated  in  sketch  7.  A  car- 
Ibon  regulator  solenoid  in  series  with  a  booster  armature  is  inserted 
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in  the  bus  between  the  steady  load  and  the  fluctuating-  loarl.  tlic 
battery  being  connected  across  the  fluctuating  bus.  This  booster 
passes  continually  from  the  generators  the  average  motor  load :  its 
field  is  varied  with  the  load  by  means  af  a  carbon  regulator,  which 
was  described  in  the  case  of  the  regulating  shunt  booster.  By  means 
of  this  booster,  the  potential  of  the  battery  bus  is  made  to  vary  in 
acordance  with  the  battery  characteristic.  In  this  case  the  power 
bus  voltage  varies  with  the  battery  of  course  while  the  lighting  bus 
voltage  remains  constant. 

The  above  covers  in  a  general  way  the  more  common  methods  of 
obtaining  automatic  regulation  of  battery  charge  and  discharge. 

HAXD    REGULATIOX. 

In  cases  where  the  battery  is  required  to  carry  a  sustained  peak,, 
as  illustrated  in  sketch  2,  that  is  required  to  discharge  continuously 
over  a  comaparatively  long  period,  with  little  or  no  compensating 
charge  during  this  period,  the  control  of  the  battery  and  discharge 
is  accomplished  by  hand  regulation.  As  stated  above,  nearly  all 
batteries  in  railway  or  power  service  are  required  to  gi^'e  auto- 
matic regulation,  on  account  of  the  sudden  fluctuations  of  load.  For 
this  reason  a  booster  is  required  with  practically  all  railway  and. 
power  batteries.  If,  in  addition  to  regulating  the  fluctuating  load, 
the  battery  is  required  to  give  a  sustained  discharge  (as  shown  in 
sketch  3),  that  is  accomplished  by  raising  the  booster  voltage  in 
the  direction  of  discharge  from  time  to  time  during  the  peak,  as  the 
load  increases  and  as  the  battery  voltage  falls  off,  this  being  accom- 
plished by  hand  operation  of  the  field  rheostat  of  the  booster. 
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In  case  of  lightino:  batteries,  automatic  regulation  is  seldom 
required,  owing-  to  the  slow  and  long-sustained  changes  in  load ; 
therefore,  booster  regulation  is  not  necessary  on  discharge,  and  the 
regulation  of  the  discharge  is  usually  controlled  by  means  of  end 
cells.  This  is  illustrated  in  sketch  lo.  In  this  case  let  us  suppose 
the  main  battery  is  floating  across  the  bus  neither  charging  nor 
discharging.  Then  let  us  assume  that,  with  a  discharge  at  a  certain 
rate,  an  initial  drop  of  ten  volts  would  occur  in  the  main  battery. 
In  order  to  compensate  for  this  drop,  such  a  number  of  end  cells 
must  be  placed  in  service  that  the  voltage  Of  these  end  cells,  with  the 
iattery  discharging  at  this  particular  rate,  will  be  equal  to  the  drop 
of  ten  volts  in  the  main  battery.  On  sketch  lo.  I  have  shown  two 
«nd  cell  switches  on  each  side  of  the  system.  Frequently  in  Edison 
"Avork  two  or  more  bus  pressures  are  maintained.  The  battery  with 
this  svstem  of  connections  can  be  operated  on  two  spearate  busses, 
the  end  cell  switch  on  one  side  being  cut  back  and  the  other  run 
forward  so  as  to  give  the  desired  voltage  on  the  two  busses.  In 
larger  service  on  Edison  work,  charging  is  accomplished  by  means 
tof  a  shunt  wound  booster.  This  booster  may  be  connected  in  series 
'with  one  of  the  end  cell  switches,  the  other  end  cell  switch  being 
connected  directly  to  the  bus  and  cut  back  more  and  more  as  the 
■charge  goes  on,  so  that  the  battery  may  be  kept  floating  directly 
on  the  system  even  while  charging. 

Part  Second. 

A\"ith  respect  to  the  functions  of  the  storage  battery:  First,  in 
railway  service ;  I  might  say  that  on  the  smaller  railwa}'  systems  the 
principal  function  is  usually  that  of  current  regulation ;  that  is  to 
say,  relieving  a  plant  or  sub-station,  or  both,  of  fluctuations  of  load 
and  maintaining  a  constant  load  on  the  generating  apparatus  and 
rotaries.  As  the  systems  increase  in  size,  peak  work  by  batteries 
become  more  and  more  important,  and  in  the  largest  systems  it  is 
distinctly  the  principal  feature  of  the  battery. 

In  the  case  of  d.c.  railway  power  houses,  the  batteries  by  relieving 
tlie  station  of  fluctuations  allow  the  engines  in  service  to  operate  at 
a  steady  and  economical  load.  In  practice,  if  we  assume  that  the 
heaviest  fluctuating  load  that  small  d.c.  unit  will  carry,  without 
■  constant  trouble,  is  twenty-five  per  cent,  in  excess  of  its  continuous 
rated  capacity,  and  assume  that  the  momentary  fluctuations  of  load 
are  double  the  average,  it  is  evident  that  the  generators,  if  carrying 
these  fluctuations,  will  not  work  at  a  load  factor  above  62.5  per 
•cent.  It  is,  therefore,  obvious  that  by  using  a  battery  in  this  class 
of  service  the  capacity  of  the  station  can  be  materially  increase ,1. 
and  frequently  the  load  factor  of  the  units  in  operation  may  be 
-?^reatly  improved  as  the  fluctuations  are  often  of  such  extent,  as  to 
niecessitate  the  operation  of  more  than  one  unit  without  the  battery. 
'The  battery  by  obviating  the  necessity  of  the  operation  of,  say  one 
imit,  of  course,  eliminates  the  constant  losses  incident  to  this  unit, 
and   increases   the   efificiency   of  the   remainig   units   by   improving 
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their  load  factor,  thereby  permitting  the  station  to  give  the  same 
output  with  less  loss,  or  a  greater  output  with  practically  the  same 
loss. 

The  losses  due  to  conversion  in  the  battery  are  almost  negligible 
as  compared  to  the  increased  economy  of  station  operation,  since 
the  current  converted  is  but  a  small  percentage  of  that  generated, 
the  main  point  being  that  the  current  is  stored  when  not  needed, 
and  given  out  at  a  time  when  it  will  be  of  the  greatest  value.  In  the 
case  of  batteries  installed  for  regulating  work  in  sub-stations,  not 
only  the  rotaries.  but  static  transformers,  high  tension  transmission 
lines,  alternators,  engines  and  boilers,  are  reUeved  of  the  load  fluc- 
tuations, thus  insuring  a  load  factor  on  the  system  closely  approach- 
ing ideal  conditions,  and  frequently  resulting  in  a  reduction  in  the 
number  of  boilers,  engines  and  rotaries  necessary  for  the  operation 
of  the  system. 

In  small  water  power  plants,  the  regulating  feature  of  the  battery 
is  exceedingly  important  as  the  capacity  of  a  water  power  plant  for 
a  given  ■speed  is  fixed  first,  by  the  maximum  demand,  which  in  many 
cases  is  two  or  three  times  the  average.  Therefore,  the  battery  by 
relieving  the  load  fluctuations  in  this  case  permits  the  operating 
company  to  get  the  maximum  value  and  output  from  its  water  power 


The  Carbon  Regulator 


484 


Waring — Application   of  Storage  Batteries. 


the  batter}-  also  acting  as  an  excellent  governor  for  the  water 
wheels.  In  water  power  plants  supplying  a  fluctuating  railway  load 
and  a  lighting  load,  or  in  rotary  sub-stations  furnishing  these  classes 
of  service,  the  battery  eliminates,  the  fluctuating  voltage  conditions 
on  the  lighting  service  due  to  the  variation  in  the  railway  load. 

On  suburban  and  interurban  electric  railway  lines,  the  line  bat- 
teries will  frequently  save  more  than  their  cost  in  feed  wire,  which 
would  be  necessary  to  produce  the  same  line  voltage  conditions,  or 
where  the  average  load  of  a  line  is  small,  the  battery  Avill  often  off- 
set a  rotary  sub-station.  By  the  installation  of  a  booster  at  the 
power  house  in  conjunction  with  a  line  battery  as  is  shown  in  sketch 
9,  the  discharge  and  charge  of  the  battery  may  be  controlled  by  a 
hand- adjustment  of  the  booster  rheostat,  no  regular  attendant  being 
necessary  at  the  line  battery,  while  the  item  of  attendance  in  the 
rotarv  sub-station  is  considerable. 


Battery  Switchboard  for  Edison  Three-Wire  System. 
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The  value  of  the  Hne  batter}-  as  against  additional  copper,  lies  in 
the  fact  that  the  copper  with  the  battery  has  only  to  carry  the  aver- 
age current,  while  without  it  sufficient  copper  must  be  installed  to 
transmit  the  maximum  current,  with  a  drop  in  voltage  which  will 
not  be  prohibitive  to  good  operating  conditions. 

In  larger  railway  work,  such  for  instance,  as  the  surface  and 
elevated  roads  in  large  cities,  there  is  a  pronounced  peak  caused  by 
the  traffic  to  and  from  the  business  center,  the  length  of  this  peak 
varving   from    two   to    sometimes   three    or   four   hours.      I'attcries 


Battery  and  Booster  .Switchboard  for  Railway  I'ower  House  or  Sub  Station 
(showing  Carbon  Regulator  on  end  panel). 
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installed  in  the  power  hoi;se  to  relieve  the  station  of  these  peaks 
greatly  improve  the  load  factor  and  materially  reduce  the  cost  of 
operation  of  the  station,  besides  offsetting  an  equivalent  or  even 
greater  amount  than  the  cost  of  the  battery,  in  generators,  engines 
and  boilers.  In  a  number  of  cases,  such  as  the  elevated  roads  in 
Chicago,  it  has  been  advisable  to  install  the  batteries  on  the  line 
rather  than  at  the  power  house.  In  this  location  they  not  orilv 
relieve  the  power  house  of  a  sustained  peak  during  the  morning  and 
evening,  but  also  relieve  the  feeder  system  of  this  peak.  In  a  case 
that  I  have  in  mind  in  Chicago,  the  cost  of  the  battery  was  entirely 
offset  by  the  amount  of  copper  that  would  have  been  necessarv  if  it 
had  not  been  installed. 

Where  operating  companies  purchase,  instead  of  generating  their 
own  electric  power,  the  rates  are  usually  on  a  maximum  demand 
basis,  and  it  is,  therefore,  to  the  advantage  of  the  consumer  to  keep 
down  the  peaks.  In  a  number  of  instances  the  annual  interest 
and  maintenance  of  storage  battery  installations  have  been  more 
than  offset  by  tlie  annual  depreciation  in  the  power  bills,  due  to  the 
reduction  of  the  power  demand. 

The  emergency  value  of  the  battery  in  railway  service  depenJs 
on  the  proportion  of  battery  capacity  to  the  load,  and  besides  this, 
depends  largely  on  the  class  of  service;  for  instance,  batteries  in 
sub-stations  on  interurban  work,  even  if  installed  for  regulating 
work  only  and  of  comparatively  small  capacity  with  respect  to  the 
generator  and  rotary  equipment,  have  at  least  sufficient  capacity  to 
move  the  cars  in  the  event  of  shut-downs  in  the  sub-stations,  to  the 
nearest  station,  thus  obviating  the  possibility  of  cars  being  stranded 
in  the  country  between  towns. 

In  lighting  work,  such  as  the  Edison  service  in  our  large  cities, 
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the  -anie  arg'uments  for  storai^e  batteries  for  peak  work  wnui  I  hold 
as  in  railway  work. 

In  the  case  of  sudden,  unforseen  demands  for  power,  -uch  a.-- 
frequentlv  occur  on  dark  days,  the  batteries  are  instantly  available 
for  furnishing-  power  until  additional  generating  api)aratus  can  be 
placed  in  service,  thus  not  only  insuring  satisfactory  service  con- 
ditions, but  often  effecting  a  material  saving  in  fuel,  by  obviating 
the  necessity"  of  operat'ng  additional  boilers  and  generating  appa- 
ratus in  anticipation  of  unforseen  loads. 


Regulating  fiooFter. 


I'a.teiv  for  an  Kdi.son  System  (showing  end  cell  conneclion. 
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DISCUSSION. 

Mr.  P.  Junkersfeld,  m.w.s.e.  :  I  have  been  much  interested  in 
Mr.  Waring's  paper  and  the  manner  in  which  he  has  presented  it. 
I  doubt  whether  many  people  who  ride  on  our  surface  and  elevated 
railways  and  who  have  electric  lightino^  service,  realize  the  value 
of  the  storage  battery.  I  believe  it  has  been  called  "the  watch  dog 
of  electrical  service,"  and  it  is  very  aptly  termed  so.  It  is  some- 
thing that  lies  there  quietly  in  many  sub-stations  and  as  long  as  the 
harness  is  on  it  is  ready  for  work. 

The  storage  battery  has,  as  Air.  ^^'aring  pointed  out,  a  number  of 
advantages.  It  can  be  used  for  regulation  or  for  peak  work.  In 
lighting  systems  in  large  cities  it  is  "used  very  largely  for  emergency 
service,  and  for  that  reason  the  companies  feel  that  they  want  to 
have  the  batteries  fully  charged  all  the  time,  even  though  sometimes 
there  might  be  economy  in  discharging. 

The  battery  also  ought  to  have  quite  a  field  in  large  manufactur- 
ing enterprises,  where  the  cost  of  power  is  a  very  small  part  of  the 
total  cost  of  production,  but  where,  you  might  say,  everything  stops 
when  the  power  is  off.  That  is  a  feature  which  will  be  recognized 
more  and  more  as  time  goes  on.  not  only  for  manufacturing  estab- 
lishments operated  on  direct  current,  but  also  on  alternating  current. 
Developments,  I  am  informed,  are  well  under  way  with  which  it 
is  feasible  to  get  this  valuable  storage  battery  protection  for  alter- 
nating current  service. 

There  is  another  application  of  the  storage  battery  that  Mr. 
\\'aring  has  not  mentioned,  and  which  I  hope  he  will  tell  us  about; 
that  is,  the  use  of  storage  battery  locomotives  for  industrial  v/ork — 
intermittent  switching  in  manufacturing  establishments  and  large 
yards — a  class  of  service  for  which  the  battery  seems  particularly 
well  adapted.  Of  course,  it  would  have  its  limitations  if  the  switch- 
ing were  of  such  character  that  heavy  loads  must  be  moved  con- 
tinuously, but  there  are  many  cases  where  it  should  find  proper  ap- 
plication. 

Mr.  Waring:  The  use  of  the  battery  in  that  class  of  service  is 
largely  dependent  on  the  work  that  the  locomotive  has  to  do,  and 
on  the  charging  facilities.  In  a  switching  yard,  where  the  work 
required  would  be  continuous  for  a  period  of  seven  or  eight  hours, 
with  no  time  for  charging  during  that  interval,  the  weip-ht  of  the 
battery,  besides  its  cost,  would  probably  be  prohibitive.  In  the  case 
of  a  certain  manufacturing  establishment,  where  they  have  a  switch- 
ing yard,  it  was  found  convenient  to  have  one  of  these  locomotives 
for  shifting  purposes.  In  that  service  the  car  runs  from  one  end  of 
the  yard  to  the  other  in  about  two  minutes ;  it  takes  another  twq 
minutes  to  unload;  then  goes  back,  and  this  is  kept  up  for  the  tn-< 
tire  day.  We  have  suggested  in  that  case  a  shoe  on  the  car,  and 
as  soon  as  the  battery  gets  to  the  end  of  the  line  the  charging  could 
be  done  while  the  cars  are  being  unloaded.  The  run  is  so  short  that 
in  this  case  the  battery  is  alternately  charging  and  discharging  for 
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short  intervals,  there  is  therefore  very  Httle  battery  needed  for  this 
service.  In  a  case  of  this  kind  the  battery  can  be  kept  down  to  a 
suitable  size  with  little  expense. 

While  I  have  the  lioor,  I  might  say  that  there  is  one  point  I  did 
not  cover,  simply  because  of  lack  of  time  and  the  fact  that  it  is  a 
lengthy  subject.  Mr.  Junkersfeld  has  referred  to  this — the  appli- 
cation of  the  battery  to  a.  c.  work.  The  battery  in  that  class  of 
service,  is  in  its  infancy  in  one  sense,  still,  during  the  past  two  years, 
the  company  with  which  I  am  connected  has  installed  several  bat- 
teries for  this  work.  We  have  closed  a  proposition  with  the  Indiana 
Steel  Co.  in  connection  with  the  new  Gary  plant.  In  one  of  their 
rolling  mills  the  load  was  to  vary  from  4,000  H.  P.  to  14.000  H.  P. ; 
the  Huctuations  coming  on  with  very  great  rapidity.  The  power 
house  at  Gary  will  consist  of  seven  alternators  and  two  d.  c.  power 
machines.  They  will  supply  d.  c.  at  200  volts  and  also  alternating 
current.  The  batteries  on  this  system  will  be  connected  to  the'  d.  c. 
bus  through  a  booster,  such  as  shown  on  sketch  5.  To  that  extent 
it  is  exactly  similar  to  a  battery  in  a  railway  power  house.  It  will 
also  be  connected  through  a  specially  designed  rotary  and  trans- 
forming apparatus  to  the  a.  c.  mains,  and  by  means  of  special  regu- 
lating devices  which  are  governed  by  the  fluctuations  in  the  a.  c. 
load,  the  battery  can  be  made  to  discharge  into  the  rotary  at  the 
heavy  load,  or  take  a  charge  from  the  rotary  at  times  of  light  load 
on  the  alternating  system.  A  similar  installation  to  this  is  at  the 
Youngstown  works  of  the  Carnegie  Steel  Co.  There  is  also  an- 
other a.  c.  plant  now  in  service  in  the  state  of  Washington.  In 
that  case  the  source  of  supply  is  three  phase  60.000  volts  and  60 
cycles.  The  road  is  a  single-phase  road,  operating  at  25  cycles. 
The  battery  is  installed  in  a  frequency  changing  sub-station.  -In 
this-  station  they  installed  one  60-cycIe  alternator,  and  one  25-cycle 
alternator,  on  the  same  shaft  with  a  d.  c.  machine.  The  battery  is 
connected  across  the  d.  c.  machine  and  is  regulated  by  a  carbon  reg- 
ulator, as  described,  only  in  this  case  the  solenoid  of  the  carbon 
regulator  is  in  the  a.  c.  supply  mains.  A  slight  increase  going 
through  the  solenoid  causes  a  battery  discharge.  The  d.  c.  machine 
then  acting  as  a  motor  driven  by  the  battery  and  giving  the  neces- 
sary excess  power  to  the  shaft  of  the  motor  generator  set.  Con- 
versely, at  times  of  light  load,  the  d.  c.  machine  acts  as  a  generator 
and  supplies  power  to  charge  the  battery,  thus  keeping  a  practically 
constant  demand  on  the  supply  line. 

A  Visitor:  Where  there  is  a  very  small  leak  in  a  cell,  what  is 
the  best  way  of  fixing  it? 

Mr.  H.  M.  Beck :  For  the  actual  tank  repair  there  is  no  tempo- 
rary way.  Our  practice  is  to  burn  a  patch  of  lead  right  across  oyer 
the  hole.  The  cell  is  cut  out  for  the  time  being,  and  the  sooner  the 
better.  Naturally,  the  acid  gets  into  the  wood  work  and  rots  it. 
There  is  no  temporary  means  of  repairing  a  leak. 

Mr.  G.  H.  A  thin :  We  are  very  glad  to  have  a  chance  to  tell  the 
members  of  this  Societv  how  much  can  be  done  in  electrical  work 


4-JO  Discussion — Application    of    Storage    Batteries. 

in  an  engineering  way,  and  also  in  a  commercial  way,  by  putting 
in  a  storage  battery  system.  I  hope  that  those  present  will  not 
hesitate  to  ask  questions  from  the  engineers  here  on  this  very  im- 
portant subject.  I  think  you  can  learn  a  good  deal  that  you  ought 
to  know  about  batteries,  and  if  it  were  a  question  of  trying  to  sell 
you  a  battery  system  I  should  feel  a  little  more  in  my  element  in 
explaining  their  conditions,  their  manufacture  and  their  care. 

Mr.  C.  A.  S.  Hoxi'lctt,  m.w.s.e.  :  Mr.  Waring  touched  on  the  plant 
at  Gary,  Indiana.  If  he  would  tell  us  the  approximate  size  of  the 
storage  battery  equipment.  I  think  it  would  be  of  interest  to  those 
present. 

Mr.  JVaring:  It  is  a  "jr  R.."'  about  250-volt  plant.  There  are 
two  batteries  to  go  in  parallel,  each  250  volts  and  each  having  a 
capacity"  of  4200  amperes  for  one  hour.  In  the  beginning  the  bat- 
tery plant  will  have  a  capacity  of  8400  amperes  for  one  hour,  and 
if  the  present  plans  mature,  the  expectation  is  to  double  this. 

Mr.  F.  M.  Davis,  jux.  m.w.s.e.:  It  is  generally  understood  that 
in  most  cases  the  ultimate  size  or  capacity  of  the  telephone  plant 
cannot  be  definitely  determined  at  first,  and  that  for  storage  bat- 
terv  plants  for  telephone  exchanges,  it  is  often  customary  to  count 
on  an  ultimate  equipment  much  greater  than  is  necessarv  for  the 
initial  equipment.  The  question  is  to  determine  how  much  growth 
it  is  practical  to  count  on  in  the  initial  equipment,  and  to  what  ex- 
tent it  is  advisable  to  leave  the  ultimate  equipment  for  future  addi- 
tion. As  I  understand  it.  it  is  cheaper  to  put  in  a  given  number  of 
plates  in  the  initial  installation,  than  to  put  in  part  of  them  at  first 
and  add  to  the  installation  afterwards.  There  is  an  extra  expense 
in  adding  later  on.  ^^loreover,  there  is  a  slight  irregularity  of 
chemical  action  immediately  after  the  addition,  due  to  the  fact  that 
part  of  the  plates  have  been  in  use  and  part  are  new.  To  what 
extent  is  it  advisable  to  put  an  investment  into  extra  plates  in  the 
initial  equipment  in  order  to  save  a  greater  extra  expense  in  ad- 
ding them  a  year  or  two  later? 

Mr.  Waring:  As  far  as  expense  is  concerned,  the  only  additional 
expense  the  purchaser  would  be  put  to  by  installing  new  plates 
later  on  would  be  the  additional  labor  expense  of  the  second  instal- 
lation. Assuming  that  the  plate  prices  are  the  same,  it  would  be 
slightlv  greater  than  if  installed  originally,  but  in  a  battery  of  any 
material  size  this  would  hardly  be  considered. 

Another  expense  would  be,  if  the  battery  had  been  in  hard  ser- 
vice for  some  time,  the  grouping  of  the  old  plates,  but  as  far  as 
this  cost  is  concerned,  it  is  hardly  worth  considering  in  a  large 
installation.  As  far  as  the  operation  is  concerned,  there  would  be 
no  trouble  from  putting  in  new  plates.  Of  course  if  one  were 
expected  to  put  in  this  addition,  within  short  time,  say  a  year,  he 
would  be  justified  in  providing  for  it  in  the  initial  installation.  But 
un'css  this  were  the  case,  it  would  be  better  to  put  in  the  increase 
later. 

Mr.  E.  N.  Lake,  m.w.s.e.  :  I  would  ask  if  there  are  any  figures 
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showing  the  difference  in  efficiency  between  the  two  plants  when 
using  the  rotary  and  when  using  the  motor  generator. 

Mr.  Warini:^:  I  have  no  definite  figures,  although  I  expect  very 
shortly  to  have  some.  But  one  thing  is  very  apparent :  that  is.  with 
the  battery  on  regulating  work  the  losses  are  small  as  compared 
with  the  savings  the  battery  effects.  One  thing  is  evident ;  if  you 
take  a  battery  doing  regulation  work,  you  are  working  at  the  left 
hand  end  of  these  curves.  Your  battery  is  dropping  off  in  voltage 
only  a  small  amount.  In  regulating  work,  the  battery  can  work  up 
as  high  as  90  per  cent.  efficienc\ . 

Mr.  D.  W.  Roper,  m.w.s.e.  :  Mr.  Waring  in  describing  the 
methods  of  using  batteries  for  diff'erent  classes  of  service,  has  stated 
that  it  is  customary  for  lighting  stations  to  use  the  end  cell  method 
of  regulation.  Some  years  ago,  at  the  International  Electrical 
Congress  in  St.  Louis,  a  very  distinguished  European  engineer  made 
some  remarks  on  this  subject,  and  spoke  very  highly  of  the  Eng- 
lish method  of  regulating  by  means  of  a  booster.  I  would  like  to 
ask  Mr.  Waring  what  has  caused  this  difference  in  the  English  and 
American  practice  ? 

Mr.  Waring :_  That  is  a  subject  that  I  have  not  gone  into  at  great 
length  for  the  reason  that  in  America  the  practice  of  regulation  for 
end  cell  is  absolutely  standard.  I  think  Mr.  Junkersfeld  can  give 
us  some  information  on  this  subject. 

Mr.  Junkersfeld:  It  is  the  practice  in  England,  to  a  large  Atent 
to  discharge  lighting  batteries  through  boosters.  One  of  the  reasons, 
and  perhaps  the  chief  reason  for  not  using  a  booster  in  this  country, 
is  that  American  engineers  feel  that  the  Ijattery  is,  in  a  large  meas- 
ure, a  reserve ;  that  being  the  case  they  want  to  have  no  moving 
apparatus  between  the  battery  and  the  line,  or  at  least  the  smallest 
amount  possible.  If  the  booster  is  used,  it  is  simply  another  link 
in  the  chain  and  one  that  may  give  way.  With  the  end  cell  switch 
method,  the  batteries  are  connected  directly  to  the  bus  bar,  and 
there  is  less  chance  of  anything  giving  way. 

From  the  point  of  operating  economy  and  of  first  cost,  that  mat- 
ter was  investigated  somewhat  here  in  Chicago,  within  six  months, 
after  the  discussion  in  St.  Louis  referred  to.  Mr.  Roper  was  one 
of  the  two  men  who  were  delegated  to  make  that  investigation,  and 
he  can  probably  give  you  some  of  the  results  in  detail  of  that  inve.s- 
tigation. 

Mr.  Roper :  In  asking  the  question  I  was  expecting  to  get  a  some- 
what more  extensive  opinion  from  the  -storage  battery  engineers 
on  this  subject. 

The  investigation  of  which  Mr.  Junkersfeld  speaks  was  made  for 
the  purpose  of  obtaining  a  comparison  of  the  investment  and  oper- 
ating cost  as  well  as  such  operating  features  as  could  be  learned  with 
a  limited  experience.  A  battery  was  operated  by  each  of  the  two 
methods  for  a  period  of  several  months  and  a  careful  record  was 
kept  of  losses  involved  in  charging  and  discharging  the  batter)'.  Tlic 
first  cost  of  an  installation,  using  the  booster  method  of  chargmg 
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and  discharging  is  somewhat  less  than  the  installation  of  equivalent 
size,  using  a  booster  for  charging  and  end  cell  switch  for  dis- 
charging. 

The  former  method  has,  however,  considerably  greater  losses  as 
the  booster  operated  while  the  battery  is  discharging  and  at  other 
periods  when  floating,  as  well  as  when  the  battery  is  being  charged. 
The  operating  cost  of  the  reversible  booster  method  will  therefore 
be  greater  than  for  the  end  cell  switch  method  and  this  difference 
will  increase  with  the  use  of  the  battery. 

In  order  to  obtain  information  as  to  what  constituted  the  aver- 
age use  of  a  battery,  we  obtained  figures  from  the  leading  American 
users  of  batteries  for  lighting  work,  and  found  that  the  annual  cost 
of  the  end  cell  switch  method  of  discharging  is  less  than  the  rever-- 
sible  booster  scheme  for  nearly  all 'conditions  of  American  practice. 
If,  instead  of  using  a  booster  for  charging  the  battery,  arrangements 
were  made  for  installing  a  generator,  or  a  rotary  which  could  be 
operated  at  a  sufficiently  high  voltage  to  charge  the  battery,  and 
thus  save  the  installation  of  the  booster  for  charging  purposes,  the 
end  cell  switch  method  would  be  cheaper  than  the  booster  method 
imder  all  American  conditions. 

Mr.  Waring:  I  would  ask  Mr.  Roper,  in  the  comparison  that 
was  made  between  the  end  cell  switch  method  and  the  booster 
method,  what  ampere  capacity  was  figured  on  for  the  booster  ?  Sup- 
pose you  had  a  battery  which  w-as  rated  at  i,ooo  amperes  for  one 
hour ;  what  booster  capacity  did  you  figure  on  in  that  comparison  ? 

Mr.  Roper:  In  order  to  obtain  the  actual  figures  on  that  point, 
we  assumed  that  the  booster  would  be  called  upon  to  carry  the 
capacity  of  .the  battery — the  one-hour  rate  for  one  hour — and  it 
was  also  specified  that  the  booster  should  be  able  to  carry  the  20- 
minute  rate  of  the  battery,  for  .20  minutes.  The  figure  on  the  cost 
of  the  booster  was  an  actual  quotation  from  a  manufacturing  com- 
pany. _ 

Mr.  Jiinkcrsfcld:  I  might  explain  regarding  this  question  that  ni 
England  the  battery  is  in  most  instances  not  connected  to  the  sys- 
tem 24  hours  a  day,  as  here.  They  start  up  and  run  during  their 
peak,  and  then  shut  it  down  again.  Furthermore,  instead  of  trying 
to  maintain  the  service,  as  Mr.  Waring  has  indicated,  in  England 
there  is  usually  an  overload  circuit  breaker  on  the  booster,  and  if 
a  short  circuit  on  the  system  is  heavy  enough  to  trip  the  breaker, 
the  electric  service  is  interrupted.  In  this  country  an  effort  is  now 
made  to  keep  the  storage  battery  connected  to  the  bus  bars  at  all 
hazards.  In  England  the  standard  of  electric  service  is  improving, 
and  as  it  improves  they  are  getting  around  to  this  end  cell  switch 
method  of  control,  which  allows  them  to  leave  the  battery  on  24 
hours  a  day  if  they  wish,  and  which  they  cannot  do  so  economically 
wdth  the  booster. 

Mr.  Beck:  In  regard  to  this  subject  of  the  booster,  there  is  one 
case  which  we  take  great  care  to  safe-guard..  If  for  anv  reason 
the  motor  of  the  booster  is  thrown  off  the  line  (through  its  circuit 
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breaker,  or  otherwise),  and  the  hne  voltage  should  drop  c(jnsider- 
ably,  there  might  be  a  heavy  discharge  from  the  battery  through 
the  generator  end  of  the  booster.  Should  the  booster  field  be  close 
to  zero,  we  would  have  a  case  of  a  motor  operating  without  anv 
field,  and  there  is  danger  of  its  running  away,  because  the  regular 
motor  being  off  the  circuit  there  is  nothing  to  hold  it  back.  .As 
long  as  the  motor  is  on  the  circuit,  if  you  try  to  speed  the  booster 
up  beyond  a  certain  speed,  the  motor  will  act  as  a  generator  and 
hold  it  back.  As  a  protection  we  use  two  means.  In  the  first  place, 
we  put  a  circuit  breaker  on  the  motor  as  well  as  on  the  booster,  and 
these  two  circuit  breakers  are  connected  either  mechanically  or 
electrically,  so  that  if  the  motor  breaker  goes  out  it  automatically 
throws  out  the  battery  also. 

The  second  protection  is  a  speed  limiting  device  similar  to  the 
type  used  on  rotaries,  which  is  put  on  the  booster  shaft,  and  acts  at 
a  certain  per  cent,  above  the  normal  speed. 

Another  case  is  with  lightning.  A  battery  in  itself  is  a  very  non- 
inductive  path  for  lightning,  and  the  result  "is  that  it  seems  as  if, 
during  a  thunderstorm  where  the  lightning  is  bad,  it  strikes  the 
booster  before  the  generators.  We  have  ha:l  some  cases  where  they 
have  been  burnouts  due  to  lightning  through  the  booster. 

Mr.  W.  S.  Taussig.  Jux.  m.w.s.e.  :  With  normal  conditions  of 
service,  what  is  the  life  of  the  plates  in  a  storage  battery  plant? 

Mr.  JVaring:  It  is  largely  dependent  on  the  service.  I  think  Mr. 
Beck  can  probably  answer  that  question  better  than  I  can. 

Mr.  Beck :  Air.  Waring  has  given  me  a  most  difficult  question  to 
answer,  for  the  reason  that  I  believe  there  are  no  normal  conditions. 
It  is  very  seldom  we  find  two  conditions  alike,  and  the  result  is  the 
life  of  the  battery  will  vary  through  wide  limits.  In  a  general  way 
I  will  say  that  the  hardest  worked  batteries  are  in  the  peak  railway 
service.  They  are  worked  both  winter  and  summer  regularly,  two 
peaks  a  day,  and  there  are  cases  where  there  are  three  peaks  a  day, 
which  is  the  heaviest  service  we  have  to  meet.  Even  in  this  severe 
service  it  seems  hard  to  use  up  the  plates  in  less  than  four  years, 
and  in  lighter  work  their  life  is  naturally  longer.  You  can  go  up 
to  almost  any  life.  The  figures  run  up  to  seven  and  eight  years  of 
actual  service.  In  lighter  types  of.  railway  and  of  telephone  service, 
the  life  is  sometimes  eight  and  ten  years.  But  in  giving  the  life  of 
storage  battery  plants  we  are  always  at  a  great  disadvantage.  Where 
batteries  last  eight  or  ten  years,  we  must  remember  that  thev  are 
of  the  manufacture  of  eight  or  ten  years  ago.  Of  the  batteries  made 
today  we  have,  of  course,  as  yet  no  data  as  to  life. 

Mr.  W.  D'A.  Ryan  :  The  discussion  so  far  appears  to  center  around 
rather  extensive  battery  systems.  I  would  like  to  ask  a  question  in 
regard  to  the  use  of  the  storage  battery  in  department-store  lighting. 
I  have  in  mind  a  case  where  they  used  about  i,ooo  kw.  capacity,  and 
wish  to  avoid  piping  the  store  for  gas,  but  they  wish  to  provide  for 
an  emergency.  The  object  of  this  safe-guard  is  to  prevent  a  panic 
in  the  dark.    The  proposition  is  to  connect  about  lo  per  cent,  of  the 
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lights  to  a  storage  batter^^  This  battery  will  furnish  light  in  case 
the  electric  plant  gives  out  or  in  case  of  fire ;  the  lights  will  all  be 
extinguished,  except  those  connected  to  the  battery.  Furthermore, 
this  battery  will  be  used  for  lighting  at  night,  the  main  plant  being 
shut  down.  I  would  like  to  know  if  this  practice  has  been  very 
generally  established. 

Mr.  Waring :  We  have  put  in  a  number  of  batteries  to  act  as  an 
emergency  reserve  for  the  lighting  system.  In  the  case  of  fire  in  a 
department  store,  such  an  arrangement  might  be  made;  one  could 
figure  how  long  it  would  take  to  clear  the  store.  I  should  think  it 
would  be  quite  feasible  to  have  a  battery  that  would  furnish  sufifi- 
cient  light  for  say  half  an  hour  in  case  of  an  emergency,  to  get  the 
people  out  of  the  building. 

Mr.  Taussig:  A  year  or  two  ago  some  interest  was  manifested 
in  the  electric  locomotive  which  had  a  gas  engine,  storage  battery, 
and  motors.  I  would  ask  Mr.  Waring  if  he  can  tell  us  anything 
about  that. 

Mr.  Waring:  We  put  in  on  the  St.  Joseph  Valley  Traction  Co.'s 
road  (about  20  miles  in  length)  a  system  of  that  kind,  about  2^^ 
years  ago.  We  made  a  test  on  that  car  about  a  year  and  a  half  ago. 
and  it  seemed  to  be  giving  very  good  service.  The  car  barn  caught 
fire  some  three  or  four  months  ago  and  destroyed  the  car.  The 
owner  has  now  contracted  for  a  larger  car,  to  be  operated  on  the 
same  principle.  The  results  of  tests  that  I  have  made  as  to  operation 
were  very  satisfactory.  One  thing  that  rather  surprised  me  was  the 
low  power  consumption  that  the  car  required.  The  car  was  pulling 
a  trailer  and  I  think  the  car  averaged  only  about  40  w^att  hours 
generated  per  ton  mile.  We  carefully  checked  these  figures,  which 
show  economical  operation.  The  cost  of  gasoline  for  running  the 
equipment  was  very  low\  The  engine  was  operated  at  about  three- 
quarters  of  its  rated  capacity,  the  battery  maintaining  a  very  con- 
stant load  on  this  unit.  The  operation  of  the  car  was  also  satis- 
factory from  a  purely  operating  standpoint.  The  car  was  in  ser- 
vice for  three  years.  There  was  no  expense  in  connection  with  the 
battery  in  that  time,  and,  as  I  uderstand  it,  no  expense  whatever  in 
connection  with  the  car.  However,  I  do  not  think  that  scheme 
is  going  to  revolutionize  railroading.  In  this  particular  case  the 
car  made  only  two  trips  a  day,  and  it  would  hardly  seem  a  case  for 
a  complete  generator  equipment,  over-head  line,  etc.  Another  car 
of  that  type  is  the  Strang  car,  that  ran  from  Xew'  York  to  Chicago ; 
the  operation  of  this  car  was  satisfactroy  as  far  as  T  know. 
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The  Sugar  Loaf  reservoir,  owned  and  operated  by  The  Colorado 
Fuel  &  Iron  Company,  is  located  about  five  miles  west  of  Lead- 
ville,  in  Lake  park  on  the  Lake  Fork  of  the  Arkansas  river.  It 
occupies  the  bed  of  an  ancient  lake  at  the  base  of  Sugar  Loaf 
mountain,  a  spur  of  Alt.  Massive,  one  of  the  principal  peaks  of  the 
Saguache  range,  bordering  the  Arkansas  river  on  the  west  from 
Salida  to  Tennessee  Pass.  The  Tennessee  fork  and  the  East  fork 
of  the  Arkansas  river  have  their  rise,  respectively,  at  Tennessee 
Pass  and  Fremont  Pass,  not  far  from  Leadville,  and  come  to- 
gether in  Tennessee  park  below  Leadville,  forming  with  the  Lake 
Fork  and  other  smaller  creeks  and  gulches  the  main  Arkansas 
river.  The  park  itself  is  occupied  by  the  main  line  of  the  Denver 
and  Rio  Grande  R.  R.,  Leadville  being  some  630  ft.  higher  and 
upon  the  western  slope  of  the  Mosquito  range,  bordering  the  river 
valley  on  the  east  and  reached  by  a  spur  from  the  main  line.  The 
Denver  &  Rio  Grande  R.  R.  continues  north  up  the  Tennessee 
fork,  and  crossing  the  Tennessee  Pass,  while  the  Colorado  Mid- 
land Ry.  descends  from  Leadville,  crosses  the  park  and  continues 
west  up  the  Lake  fork  to  the  Llagerman  Pass.  Just  below  the 
Sugar  Loaf  reservoir  the  Colorado  Midland  Ry.  crosses  the  Lake 
fork  to  the  slope  of  Sugar  Loaf  mountain,  which  it  skirts,  ascend- 
ing on  a  maximum  grade ;  the  whole  length  of  the  reservoir  lies 
below  it,  forming  a  most  beautiful  picture.  The  mountain  slopes 
are  well  timbered  with  second-growth  spruce,  pine  and  balsam, 
and  have  a  grassy  flower-covered  carpet,  on  which  the  winter  snows 
lie  until  late  in  the  year.  The  lake  elevation  is  about  10,000  ft. 
above  sea,  and  in  consequence  the  melting  snows  do  not  begin  to 
run  off  in  any  considerable  volume  until  June;  the  drainage  area 
reaches  back  to  the  summits  of  high  mountains  14,000  ft.  or  more 
in  elevation,  and  on  which  in  the  gulches  and  timbered  slopes 
much  of  the  snow  lies  all  the  vjear  through. 

The  Sugar  Loaf  reservoir  forms  part  of  the  system  of  water 
supply  for  the  Minnequa  Works  at  Pueblo,  which  demand  large 
volumes  of  water  in  the  various  processes  of  steel  making.  Most 
of  this  water  is  used  for  cooling  purposes,  at  blast  furnaces,  and 
in  condensing  engines,  where  it  is  raised  in  temperature  and  then 
returned  to  the  stream,  thus  being  available    for   rc-u^^c   l)elow. 

The  laws  of  Colorado  provide   for  the  storage  f^\   llon.l   waters 
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in  reservoirs  in  times  of  plenty,  which  returned  to  the  streams 
at  later  periods  may  be  withdrawn  at  points  many  miles  below 
in  ditches,  pipes  or  conduits,  less  a  fixed  discount  for  loss  by  evap- 
oration and  seepage.  The  channels  of  the  streams  are  thus  used 
as  carrying  conduits,  the  process  being  under  the  direction  of  the 
State  Engineer  and  his  Water  Commissioners,  who  fix  the  amount 
of  deduction  to  be  made,  from  their  observations  and  gaugings 
of  the  stream  in  qivestion.  There  are  numerous  examples  of  such 
practice  in  the  arid  western  country,  and  in  one  instance  waters 
stored  in  Twin  lakes  reservoirs  near  Leadville  are  withdrawn 
from  the  Arkansas  river  below  Pueblo  for  sugar  beet  irrigation, 
more  than  200  miles  from  the  reservoirs.  In  the  case  of  Sugar 
Loaf  reservoir  the  water  will  be  in  the  stream  about  two  days  and 
travel  some  130  miles  to  the  lower  point  of  withdrawal. 

Purpose  of  Construction — The  main  purpose  of  the  construc- 
tion of  the  reservoir  is  to  create  a  reserve  supply  to  insure  to  the 
Colorado  Fuel  &  Iron  Compan}^  the  ability  to  withdraw  the 
amount  of  water  represented  by  certain  water  rights,  in  a  conduit 
tributary  to  its  works  at  Minnequa.  The  water  rights  yield  ample 
supply  at  all  ordinary  stages  of  water  in  the  Arkansas  river,  but 
to  insure  against  conditions  of  extreme  low  water  a  stored  supply 
of  water,  regulating  the  flow  of  the  river  is  a  valuable  adjunct, 
where  interruption  in  the  supply  might  mean  a  serious  hampering 
of  operations  at  the  works. 

Historical — The  Sugar  Loaf  reservoir  was  originally  selected 
and  surveyed  by  the  U.  S.  Geological  Survey  engineers  as  a  Gov- 
ernment reservoir  site,  and  certain  lands  were  segregated  and 
withdraw  from  entry  (see  the  U.  S.  Geological  Survey  reports 
for  1891  and  1892,  maps  and  stream  gaugings).  About  this  time 
also  several  schemes  were  proposed  vvdiereby  the  water  was  to  be 
stored  in  the  lake  and  conducted  in  pipe  lines  or  ditches  to  the  site 
of  a  power  plant  in  the  valley  below  Leadville,  where  several  hun- 
dred feet  fall  could  be  secured.  There  turbine  water  wheels  and 
dvnamos  would  generate  electric  current  which  could  be  used  in 
Leadville  mines  for  power  and  lighting.  The  water  would  of 
course  be  returned  to  the  stream.  Considerable  preliminary  in- 
vestigation was  done  on  these  schemes  and  some  lands  acquired 
at  the  reservoir  site  by  the  parties  interested.  The  Government 
site  was  finally  abandoned  and  its  lands  advertised  for  sale,  under 
certain  requirements  of  a  special  Act  of  Congress,  permitting  the 
purchaser  to  secure  title  by  building  a  reservoir  subject  to  the 
conditions  of  the  Act.  The  matter  was  finally  brought  to  the 
attention  of  the  management  of  the  Colorado  Fuel  &  Iron  Com- 
panv,  and  the  writer  ordered  to  report  on  the  project  as  a  part  of 
the  proposed  water  supply  for  the  Minnequa  works  at  Pueblo. 
This  report  having  been  confirmed  by  an  investigation  and  report 
of  John  Birkinbine,  Consulting  Engineer,  it  was  decided  to  pur- 
chase the  interests  held  by  private  parties  and  acquire  the  Govern- 
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ment  lands  by  coniplyiiii^-  with  the  Act  of  Congress.  Surveys 
were  immediately  begun  and  prosecuted  vigorously,  a  contract 
let  and  material  delivered  and  work  begun  on  construction  in 
1902,  The  season  was  so  far  advanced,  however,  that  it  was 
'impossible  to  complete  the  work  before  winter,  as  at  the  altitude 
(nearly  10,000  feet  above  sea  level)  the  snows  begin  in  October 
and  frost  forms.  However,  the  base  of  dam  was  nearly  completed 
and  much  of  the  preliminary  work  done.  The  work  was  resumed 
the  following  spring  as  soon  as  the  frost  was  out  of  the  ground 
and  finished  in  September,  1903,  and  in  the  following  winter  and 
spring,  water  was  stored  imder  direction  of  Prof.  L.  G.  Carpenter, 
then  State  Engineer,  and  the  reservoirs  nearly  filled.  This  water 
was  withdrawn,  or  nearly  so,  the  following  fall  and  winter,  as  some 
slight  seepage  had  developed  beneath  the  dam  (as  will  be  referred 
to  later)  in  order  to  give  opportunity  for  settlement  and  con- 
solidation of  the  prism  of  dam  and  the  permeable  material  below 
its  base.  Such  alternate  raising  and  lowering  of  the  water  level  has 
since  been  carried  out  each  season. 

Prelimixary  Investigations — This  project  as  originally  pro- 
posed by  the  Government  engineers  provided  for  a  dam  to  impound 
a  fifty-foot  depth  of  water,  which  really  covers  two  reservoir  sites 
connected  by  a  narrow  neck  near  the  upper  end.  See  Fig.  i. 
Such  a  height  permitted  a  spillway  to  be  located  only  at  the  south 
end  of  the  dam  and  in  material  not  very  favorable  and  on  a  steep 
hillside ;  besides  which  the  dam  would  require  extension  on  the 
North  end  parallel  with  the  Colorado  Midland  Ry.  and  above  the 
level  of  its  tracks  for  some  distance,  and  would  present  a  some- 
what formidable  appearance  to  the  traveler  approaching  from  be- 
low on  the  railway.  The  present  dam  height,  impounding  30  feet 
of  water,  admits  of  ample  spillway  area  adjoining  the  railway  and 
an  emergency  spillway  at  the  opposite  or  South  end,  besides  leaving 
available  ground  at  the  railway  end  of  the  dam  for  station  or 
park  buildings  and  resort  requirements.    See  Fig.  i  and  2. 

It  is  thought  best  to  build  another  dam  at  the  narrow  neck  re- 
ferred to  should  it  hereafter  be  advisable  to  add  to  the  storage 
capacity  and  it  be  shown  that  the  available  supply  would  justify 
such  addition.  The  upper  lake  thus  created  will  impound  20  feet 
of  water  and  cover  a  flooded  area  of  some  350  acres,  containing 
2,500,000,-000  gallons. 

^The  photographs,  Figs.  3  and  4,  show  upper  and  lower  sites  and 
the  flat  character  of  the  park  and  especially  the  high  mountains 
in  the  background,  snow  covered  in  July,  with  timbered  slopes 
and  gulches  reaching  to  their  summits  at  some  14,000  ft.  elevation. 

The  average  annual  rainfall  at  Leadville  is  14  inches,  as  shown 

by  U.  S.  Government  observations,  and  the  drainage  area  of  the 

Sugar  Loaf  reservoir  is  from  25  to  30  square  miles,  as  determined 

by  the  Topographic  Atlas  sheets  of  the  U.  S.  Geological  Survey. 

It   is   quite  probable   that  observations   on  the   above   drainage 
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Fig   3 — Sugar  Loaf  Reservoir 

upper    site,    looking    west    from    near    proposed    dam  — shows   character    of 

drainage  area  tributary  to  reservoir. 
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Fig.  4 — Sugar  Loaf  Reservoir 
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area  would  show  a  considerably  higher  precipitation.  Being  on 
the  west  side  of  the  valley,  more  and  deeper  snows  fall  in  winter 
and  more  frequent  rains  occur  in  summer;  this  is  a  matter  of 
local  observation. 

The  run  off  as  determined  by  the  gaugings  of  the  Lake  fork- 
shown  in  U.  S.  Geological  Survey  reports,  1891-92,  and  the  gaug- 
ings taken  by  the  Colorado  Fuel  &  Iron  Company  during  the  two 
seasons  of  survey  and  construction  show  a  discharge  in  the  Lake 
fork  of  Arkansas  river  ample  to  fill  the  reservoirs  built  and  pro- 
posed, at  least  once  each  season.  The  maximum  flow  observed, 
is  some  600  second  feet  in  June ;  the  minimum  6  second  feet  in 
October,  continuing  until  snow  begins  to  melt  in  the  following 
May. 

The  storage  of  water  is  at  all  times  under  the  control  of  the 
State  Engineer  and  his  deputies,  who  are  governed  in  their  action 
by  the  stage  of  water,  in  the  main  river  and  in  other  tributaries, 
and  they  decide  as  to  the  amount  of  storage  to  be  permitted.  The 
summer  is  of  course  considered  the  "irrigation  season"  and  the 
winter  the  "storage  season,"  but  the  latter  is  affected  to  some  ex- 
tent by  the  growing  practice  of  fall  and  winter  irrigation  to  pre- 
pare ground  for  certain  kinds  of  crops.  This  shows  some  of  the 
difficulties  encountered  in  the  calculation  of  rainfall  and  run-off 
as  yielding  a  definite  storage  quantity  when  planning  reservoirs 
at  the  heads  of  running  streams  like  the  Arkansas,  whose  normal 
flow  is  greatly  over  appropriated  by  water  users  many  miles  below. 

The  advantages  of  such  a  site  are  the  elevated  timbered  drainage 
area  surrounding  it,  the  numerous  springs  in  the  drainage  area, 
the  water  originating  on  the  lands  owned,  the  low  evaporation  from 
lakes  at  such  altitude,  its  shut-in  character,  etc.,  all  of  which  con- 
tribute to  make  such  a  site  ideal. 

Cloudbursts — so-called — at  this  altitude  and  on  the  slopes  of 
what  may  be  called  a  secondary  range  of  mountains  protected  from 
the  direct  meeting  of  mountain  and  plains  air  currents,  are  un- 
likely, but  the  location  of  this  reservoir  is  such  that  immense  dam- 
age would  be  done  below  it  in  case  the  dam  were  overtopped  and 
carried  out.  Therefore,  extreme  figures  have  been  used  in  provid- 
ing outlet  for  the  water  in  the  outlet  basin,  and  the  spillways  at  the 
two  ends  of  dam,  as  will  be  apparent  in  the  plans  and  description 
of  the  work  following. 

Surveys — Surveys  of  the  flooded  area,  section  lines,  dam  sites, 
etc.,  were  made  and  dam  located  as  shown  by  plans.  Figs,  i  and  2. 
A  careful  contouring  of  flooded  area  for  each  5  ft.  depth  followed 
and  calculation  of  capacity  for  each  i  ft.  depth  by  interpolation 
was  made  as  required  by  State  laws.  As  all  surveys  were  referred 
to  a  base  line  and  the  method  of  latitudes  and  departures  were 
used,  it  was  possible  by  using  prismoidal  formula  to  get  capacities 
for  each  foot  of  depth  to  within  a  limit  of  error  of  i  per  cent. 
Test  pits  at  numerous  points  in  the  flooded  area  and  at  the  il;im 
site  and   a   studv   of  the   localitv  disclosed   that 
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(i)  The  valley  was  originally  closed  by  a  moraine  or  glacial 
deposit  of  clay  and  bowlders  through  w^hich  the  stream  had  broken ; 

(2)  The  reservoir  site  was  an  ancient  lake  bed,  underlain 
wholly  or  partially  by  a  clay  sheet  four  or  more  feet  thick  which 
extends  partially  under  the  proposed  dam; 

(3)  The  material  in  the  moraine  and  on  the  hillsides  and  in 
the  vicinity  generally  w^as  a  clay,  sand  and  bowlder  mixture,  ex- 
tremely favorable  for  dam  construction. 

Borings  at  the  outer  or  lower  half  of  the  dam  showed  the  stream 
bed  here  to  have  an  underlying  deposit  of  fine  sand  of  unknown 
depth  and  indicated  that  the  clay  sheet  should  not  be  penetrated 
by  any  sheet  piling  or  core  wall  construction  in  the  body  of  the 
dam,  but  rather  favored  the  making  of  a  juncture  with  the  clay 
sheet  below  by  a  clay  lining  of  sufficient  thickness  and  suitable 
construction  placed  upon  the  inner  or  water  face  of  the  dam. 

Surveys  and  investigations  w-ere  also  made  to  determine  the 
possibilities  of  conducting  flood  waters  into  the  reservoir  site  from 
the  Tennessee  and  East  forks  of  the  Arkansas  river  and  the  areas 
tributary  to  them  and  sufficient  data  secured  to  show  their  feasi- 
bility should  it  be  desired  hereafter  to  increase  the  storage  ability. 
It  might  be  here  noted  that  among  the  possibilities  of  this  and 
other  storage  reservoirs  situated  on  eastern  slopes  are  plans  for 
conducting  water  over  low  passes  from  streams  flowing  to  the 
Pacific,  since  as  a  rule  the  western  slope  streams  have  an  excess 
of  water  unappropriated.  This  has  in  some  instances  been  done 
already  in  Colorado. 

CONSTRUCTION. 

Dam — The  first  operation  was  to  locate  and  construct  a  railway 
spur  from  the  Colorado  Midland  Ry.  of  sufficient  length  to  receive 
and  store  material.  The  contractors,  Clough  &  Anderson 
of  Colorado  Springs,  having  moved  onto  the  work,  this  was  soon 
done  and  material  was  received  and  unloaded  with  dispatch,  con- 
.sisting  of  heavy  48-in.  cast  iron  pipe,  cement,  lumber,  valves,  camp 
supplies  and  the  usual  miscellaneous  material  incident  to  such  a 
work. 

The  entire  area  of  the  dam  site  was  overgrown  with  willows 
and  some  trees  and  in  the  lowest  portion,  adjoining  the  stream, 
covered  with  one  to  two  feet  of  black  muck.  All  this  had  to  be 
removed,  roots  grubbed  out  and  top  or  vegetable  soil  skimmed  off. 
The  latter  was  done  by  a  light  plowing  and  handling  with  slips. 
The  surface  was  then  benched  or  furrowed.  The  channel  of  the 
stream  w^as  diverted  to  one  side,  as  indicated  on  the  plan,  and  exca- 
vation made  for  the  pipe  cradle  or  concrete  base  for  the  outlet  pipes. 
The  north  part  of  dam  w^as  built  first  and  extended  as  far  as  feasible 
towards  the  gap  at  the  South  end  in  the  following  manner:  Adja- 
cent to  the  Colorado  Midland  Ry.  the  spillways  were  excavated 
and  this  material,  exclusive  T)f  large  bowlders,  was  placed  in  the 
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outer  part  of  the  dam  section.  Borrow  pits  were  laid  out  on  the 
inside  of  the  reservoir  site  over  a  large  area  and  stripped  of  all 
vegetable  matter,  exposing  the  clay-sand  mixture  (containing  some 
bowlders),  and  beneath  which  was  the  clay  sheet  four  or  more 
feet  thick.  The  dam  then  was  carried  up  in  thin  layers  by  depos- 
iting the  clay  on  the  inside  face  to  a  thickness  of  20  feet,  then  the 
next  best  material,  and  so  on  to  the  outside,  where  the  poorest 
material  was  used.  The  whole  was  smoothed,  sprinkled  and  rolled 
with  a  heavy  Springfield  roller  blending  all  together,  the  forma- 
tion of  layers  being  carefully  avoided,  by  depositing  loads  irregu- 
larly. 

After  the  base  of  the  dam  was  built,  it  was  found  best  both  for 
economic  results  and  speed  to  have  the  contractors  install  a  small 
steam  shovel  and  load  into  dump  wagons,  taking  the  moraine 
material  from  a  spur  or  extension  into  the  flooded  area,  shown  in 
Fig.  2,  which  furnished  ample  material  for  finally  closing  the 
gap  in  the  dam  when  the  low-lying  borrow  pits  were  flooded  by  the 
raising  of  the  water  in  the  lake.  Grading  machines  were  tried  for 
a  time,  but  the  presence  of  bowlders  in  borrow  pits  made  their  use 
inadvisable,  and  it  was  found  most  economical  to  load  direct  from 
the  dipper  of  the  steam  shovel  into  dump  wagons,  which  with  a 
little  care  was  done  without  undue  wear  and  tear  on  the  wagons. 
In  Fig.  9  is  shown  the  dam  partially  built,  the  gap  carrying  the 
stream  ready  to  be  closed  as  soon  as  water  can  be  carried  in  pipes. 
Xote  the  flat  character  of  the  bottom  of  reservoir.  The  cross  sec- 
tion plan  Fig.  5  shows  the  manner  in  which  the  dift'erent  materials 
were  blended  together  to  form  the  dam  prism,  but  it  should  be 
stated  that  the  filling  in  around  the  pipe  and  cross  walls  was  done 
by  hand,  tamping  and  puddling  with  water,  and  using  the  best  clay 
material  from  the  borrow  pits.  This  was  of  a  grade  that  might 
be  termed  Potter's  clay,  very  fine  and  when  wetted  and  worked 
made  a  splendid  puddle. 

Pipe  Cradle — This  excavation  was  first  stripped  of  vegetable 
matter,  roots  and  muck  and  the  underlying  clay  sheet  exposed  to 
a  point  about  the  center  of  dam,  where  it  thins  out  into  sand  of 
unknow-n  depth ;  see  cross  section  of  dam.  Fig.  5. 

The  trenches  for  five  cut-olT  or  cross  walls,  about  21  feet  apart, 
w«re  excavated  two  leec  deeper  and  wider  than  the  balance  of  ex- 
cavation, to  more  eflfectually  check  any  flow  of  water  along  the 
surface  of  the  concrete.  The  base  consists  of  48  inches  of  concrete 
composed  of  the  most  compact  mass  that  could  be  made  with  the 
sand,  gravel  and  small  bowlders  existing  in  the  vicinity  of  the  site, 
determined  by  experiment  for  each  kind  of  aggregate  used.  For 
part  of  the  work  slag  from  the  silver-lead  smelters  at  Leadville 
was  used  instead  of  gravel  or  broken  stone,  but  was  not  as  satis- 
factory as  the  gravel.  Both  sand  and  gravel  were  from  granitic 
formations  and  excellent  in  quality,  although  the  sand  was  rather 
fine  grained.     Embedded  in  the  base,  7  lines  of  85-lb.  steel  rails 
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were  placed  about  3  ft.  apart  and  cross  rails  6  ft.  apart  finished  the 
upper  surface,  on  which  three  lines  of  48  in.  dia.  extra  heavy  cast- 
iron  pipe  with  lead  caulked  joints  were  laid,  7  ft.  centers,  on  a  grade 
of  1 2  per  cent,  sloping  to  the  outlet  basin.  The  pipes  were  then 
bedded  between  and  at  the  outside  in  well-tamped  concrete  to  the 
level  of  the  center  of  the  pipes  and  the  top  surface  left  quite  rough 
and  irregular.  The  cross  walls  were  brought  up  4  ft.  above  the 
tops  of  the  pipes  and  projecting  2  ft.  beyond  the  sides  of  the  exca- 
vation into  the  solid  ground.  After  removal  of  forms,  puddling 
clay  was  tamped  by  hand  above  and  around  the  structure  for  four 
or  five  feet  and  blended  with  the  next  best  material  as  described  in 
the  general  construction  of  the  dam.  Fig.  8  shows  pipes  and  cross- 
walls  ready  for  filling. 

IxLET  Basin  and  Valves — At  the  toe  of  inner  or  water  face  of 
the  dam  a  concrete  basin  was  constructed,  Fig.  5,  consisting  of  a 
back  retaining  wall  in  which  the  three  lines  of  48  in.  cast-iron  pipes, 
were  embedded,  and  two  wing  or  side  walls  with  a  concrete  bottom. 
The  back  wall  forms  part  of  the  concrete  cradle  supporting  the 
pipes  and  extends  below  it  to  form  a  cut-off  wall,  and  in  the  same 
manner  the  front  w-all  and  wings  are  placed  w^ell  into  the  clay  to 
cut  off  any  water  flow  from  the  30  ft.  head  when  the  reservoir 
is  filled.  The  front  and  top  of  the  basin  are  covered  with  a  screen 
of  iron  bars  to  keep  out  drift  or  large  fish.  The  front  bars  rest  on 
an  iron  base  and  interlock  and  are  bolted  through  with  top  hori- 
zontal bars,  the  whole  resting  on  a  cross  I-beam,  which  is  em- 
bedded in  the  concrete  side  walls  at  its  ends.  The  bars  thus  present 
a  smooth  surface  at  front  and  top  from  which  drift  and  trash  can 
be  readily  raked  when  submerged.  Front,  side  and  back  w'alls 
and  the  concrete  bottom  are  reinforced  with  one  or  more  sheets  of 
Xo.  10  by  35^  in.  expanded  metal.  Supported  on  85  lb.  rails  rest- 
ing on  piers  in  the  bottom  of  the  inlet  basin,  are  three  cast-iron 
balanced  valves  in  T  form  attached  by  lead-caulked  joints  to  the 
bell  ends  of  the  48  in.  pipe  lines  projecting  through  the  back  wall 
as  shown  in  Fig.  6.  Each  valve  has  an  upper  and  lower  brass  lined 
disc  horizontally  mounted  on  a  brass  bushed  shaft;  these  seat  on 
lead  lined  brass  conical  bearings  and  are  operated  by  a  rack  and 
pinion  movement  to  the  shaft  by  means  of  a  sector  with  grooved 
rim,  carrying  a  chain  which  passes  between  the  bars  of  grating  and 
extends  along  the  slope  to  the  top  of  dam,  as  shown  in  Fig.  6.  At 
this  point  it  is  operated  by  a  screw  and  two-handled  nut  abutting 
against  a  strong  wooden  frame  anchored  in  the  ground;  see  detail. 
Fig.  6.  The  motion  of  the  sector  is  entirely  below  the  bars  of 
grating  and  the  chain  is  protected  in  a  trough  or  groove  formed  in 
the  riprap  face  of  dam  on  the  ;^  to  i  slope  which  flattens  out  to  meet 
the  top  of  the  back  retaining  wall  of  the  inlet  basin.  In  this  way 
the  valves  can  be  operated  without  interference  from  ice  or  drift 
or  the  necessity  of  a  valve  tower  in  the  reservoir.  The  upper  and 
lower  discs  of  these  valves  are  proportioned  so  that  they  tend  to  re- 
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main  closed  at  ordinary  stag^es  of  water,  bnt  are  norinallv  held 
open  by  the  chains,  the  regulation  of  water  outflow  being  controlled 
by  three  Rensselaer  geared  valves  placed  at  the  lower  "side  of  the 
dam  next  the  outlet  basin  as  afterwards  described.  The  cross 
section  of  the  dam  Fig.  5  and  the  detailed  drawings  Fig.  6  show 
these  features  more  clearly.  These  valves  were  designed  by  the 
Engineering  Department  of  the  company  from  suggestions  made 
by  Mr.  Gordon  Land,  an  irrigation  engineer  of  large  experience 
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in  such  work.  They  have  been  used  with  success  under  similar 
conditions  on  several  other  reservoirs  constructed  under  the  writers 
direction. 

Outlet  B.^six  and  \'alves — Outside  the  lower  face  of  the  dim. 
as  shown  by  the  sectional  view,  are  placed  three  Rensselaer  geared 
valves  for  controlling  the  outflow.  They  are  enclosed  in  a  con- 
crete valve  house  with  corrugated  iron  roof  l)uilt  over  and  resting 
on  the  concrete  pipe  cradle.  The  walls  were  built  in  forms,  using 
one  sheet  of  No.  10  x  3>4-in.  expanded  metal  in  them,  and  a  cement 
ceiling  was  constructed  attached  to  a  netting  of  light  expanded 
metal  fastened  to  the  under  sides  of  ceiling  joists  with  lo-d  naiU 
or  staples.  Si.xty-penny  nails  were  driven  into  the  sides  of  joists 
about  a  foot  apart  and  the  3-in.  ceiling  formed  around  them  and  be- 
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twcen  the  joists,  embedding"  the  netting  J  2  in.  in  the  under  face.  A 
heavy  block  resting  on  the  joist  carrying  a  ring  bolt  over  each  valve 
and  extending  through  the  ceiling  serves  as  an  attachment  for  chain 
block  should  it  become  necessary  to  take  down  a  valve  for  re- 
pairs. In  such  an  event  the  purpose  of  the  upper  balanced  valves 
becomes  apparent  to  easily  shut  ofif  the  water  from  any  line  of  pipe. 
This  style  of  construction  of  valve  house  was  adopted  as  being 
better  and  cheaper  than  brick  work  in  that  locality  and  to  protect 
the  valves  against  freezing  in  the  cold  weather  of  this  altitude, 
about  10,000  feet  above  sea  level.  Provision  is  made  also  for  set- 
ting a  stove,  and  banking  around  valves  with  saw  dust,  etc.,  if  nec- 
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essary  in  extreme  cases.  To  further  guard  against  frost  the  out- 
let basin  is  constructed  as  shown  by  the  drawing,  with  a  concrete 
lined  bottom  and  three  sides  of  log  cribbing  filled  with  rock  and 
sand  and  double  boarded  with  Burnettized  plank,  with  a  caulked 
oakum  joint  where  it  abuts  against  the  end  wall  of  the  pipe  cradle. 
This  construction  maintains  a  water  cover  of  two  feet  over  ends  of 
outlet  pipes  at  all  times  and  prevents  frost  from  entering  the  ends 
of  pipes  and  reaching  the  valves.  The  basin  serves  also  to  retain 
the  fish  and  to  spread  the  outflow  of  \vater  into  a  thin  sheet  falHng 
over  the  three  sides  of  the  basin  to  the  apron  outside ;  thence  it  can 
run  quietly  to  the  stream  below. 
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The  photograph,  Fig.  7,  shows  the  completed  outlet  basin  and 
valve  house  looking  west  from  the  dam,  the  Colorado  Midland  Ry. 
and  Sugar  Loaf  mountain  in  the  background. 

Gate-Keepiir's  House — A  four-room  dwelling  house  was  built, 
with  concrete  cellar  and  foundation  walls,  on  the  slope  of  the  mor- 
raine  just  below  the  dam  and  about  10  fct^t  below  high  water  ele- 
vation in  the  reservoir.  The  house  has  a  frame  of  studding  cov- 
ered outside  with  a  2  in.  cement  coating  on  light  expanded  luetal 
and  the  inside  is  plastered  with  cement  plaster  on  wire  lath,  the 
whole  making  a  warm,  dry  house.  As  this  morraine  forms  the 
base  of  the  dam,  is  several  hundred  feet  thick  and  is  composed  of 
clay  material  no  danger  is  anticipated,  although  there  has  been 
some  slight  seepage  below  the  level  of  the  house,  which  is  attributed 
to  breaking  through  of  the  inside  clay  bottom  by  the  steam  shovel 
borrow  pits  at  the  inner  edge  of  the  morraine,  and  exposing  a  thin 
sand  stratum.  This  seepage  has  nearly  ceased  and  will  disappear 
as  further  consolidation  of  the  base  occurs  and  there  is  some  de- 
position of  sediment  in  the  reservoir. 

Rip  Rap — The  bowlders  from  spillway  and  borrow  pit  excava- 
tion and  from  the  slopes  of  the  adjoining  hills  were  hauled  to  the 
dam  and  the  rip  rap  facing  or  paving  carried  along  concurrently 
with  the  progress  of  the  clam.  The  amount  and  quality  of  this 
work  is  of  prime  importance  at  this  locality,  as  there  is  a  long  ex- 
posure, about  iy2  miles,  for  wave  formation  and  the  formation  of 
ice  on  a  full  reservoir  in  winter  is  considerable.  Owing  to  the 
sheltered  locality,  however,  and  the  direction  of  prevailing  winds 
the  wave  action  is  not  so  great  as  might  be  expected.  The  ice 
forms  some  times  over  36  inches  thick,  but  usually  melts  quietly 
and  thus  far  shows  little  tendency  to  dislodge  the  paving. 

The  rip  rap  is  laid  in  three  zones,  a  lower  one  resting  on  a  base 
at  toe  of  slope  w^ith  maximum  and  minimum  thickness  of  15  in. 
and  10  in.,  a  middle  zone  with  maximum  12  in.  and  minimum  8  in. 
extending  to  the  flow  line,  and  an  upper  zone  with  maximum  6  in. 
and  minimum  4  in.  thickness  to  top  of  dam.  These  merely  indi- 
cate the  quantities  that  were  paid  for,  as  the  material  composing 
the  rip  rap  is  glacial  bowlders  and  fragments  of  broken  bowlders 
and  the  actual  thickness  as  laid  is  greater.  The  bowlders  were 
laid  to  a  fairly  smooth  top  surface  supported  on  smaller  stones 
where  necessary  and  chinked  with  spalls,  with  the  sides  running 
the  long  way  of  the  dam  and  ends  breaking  joints  on  the  slope. 

Spillways — The  contour  plan  of  dam  location,  Fig.  2,  shows 
the  spillways  at  northerly  and  southerly  ends  of  dam,  also  the  pipe 
outlets  and  outlet  or  overflow  basin  and  the  final  return  of  the 
water  into  the  original  stream  channel  below  the  dam.  The  rail- 
way crosses  Lake  creek  with  a  64  ft.  Howe  truss  span,  having  6  ft. 
or  7  ft.  headway  below,  but  the  actual  channel  is  much  less.  Below 
this  point  the  stream  has  a  very  rapid  fall.  The  greatest  known 
flow  of  the  river  is  about  600  sec.  ft.  during  the  .season  of  melting 
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Fig.  8 — Sugar  Loaf    Reservoir 
dam   site  s-tripped,   outlet  pipes,   cradle    and    cross  walls    under    construc- 
tion  from  south  end  of  dam,  june,    1 9o3 


Fig.  9 — Sugar  Loaf  Reservoir 

DAM     under    CONSTRUCTION — STREAM    FLOWING     THROUGH      GAP     IN    DAM,     3OO     CUBIC 
FEET    PER    SECOND,    JUNE,     1 9O3. 
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snow.  Any  theoretic  length  of  spillway  based  on  these  facts  or  on 
an  assumed  rainfall  and  run-off  would  give  much  less  capacity  than 
that  here  shown.  It  does  not  seem  worth  while  to  discuss  the 
theoretic  requirements  except  to  state  that  they  guide  us  to  a  min- 
imum which  in  this  case  has  been  exceeded  and  as  much  spillway 
capacity  provided  as  a  reasonable  cost  permitted.  As  the  exca- 
vation for  these  was  all  used  in  the  dam  the  cost  was  purely  nomi- 
nal. At  the  north  end  of  the  dam  a  favorable  spot  exists  in  ground 
composed  of  clay  and  bowlders,  where  a  level  crest  excavation  200 


Fig.    10  — Sugar  LoafJReservoir 

looking    down    valley    of    lake    creek    from    dam — contractor's    camp    and 

spillway  discharge — mts.   massive  and  elbert  in  distance. 


ft.  long  was  made  at  high  water  level,  elevation  10,226.  Below  the 
crest,  a  i  per  cent  grade  to  the  surface,  slopes  into  a  natural  hollow 
discharging  below  the  dam.  This  part  of  the  site  is  well  grown 
with  trees  and  willows  which  with  a  rock  strewn  surface  furnish 
ample  protection  from  scour.  To  the  north  of  and  adjoining  the 
200  ft.  an  additional  icxd  ft.  was  excavated  at  a  level  2  ft.  higher, 
or  10.228.  At  the  south  end  of  the  dam  an  excavation  10 1  ft. 
wide  at  tlie  san.e  upper  elevation  was  also  made. 

The  three  lines  of  48  in.  pipe  are  each  capable  of  carrying  400 
cubic  feet  i:er  second  when  the  reservoir  is  full,  and  the  flooded 
area  is  818  acres  at  30-ft.  depth.  The  top  of  dam  is  8  feet  above 
high  water  line.     From  this  it  is  seen  that  the  three  lines  of  pipe 
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alone  more  than  suffice  to  carry  any  ordinary  flow,  as  the  usual 
spring  melting  of  snows  produces  about  350  to  400  cubic  feet  per 
second  and  at  such  time  the  reservoir  is  being  filled.  Should  the 
water  from  any  cause  rise  2  feet  above  high  water  mark  the  spill- 
way could  then  carry  a  sectional  area  of  400  square  feet,  and  an 
additional  2  feet  would  add  800  square  feet  to  this  or  1,200  square 
feet  in  all,  making  a  discharge  capacity  added  to  the  pipes  aggre- 
gating in  all  over  7,000  cubic  feet  per  second,  or  more  than  ten 
times  the  greatest  known  flood,  and  this  level  would  still  be  4  feet 
below  the  top  of  dam.  Such  a  discharge  would  wash  out  all 
bridges  below  the  dam.  Owing  to  the  immense  damage  that 
would  be  done  by  overtopping  the  dam  and  its  destruction  of  rail- 
way lines  and  other  works  below,  these  precautions  have  been 
taken  which  may  seem  extravagant.  Fig.  10  shows  spillway  dis- 
charge, character  and  rapid  fall  of  country  below  dam. 

The  Flooded  Area — The  flooded  area  of  lower  site.  Figs,  i, 
and  4,  contained  considerable  brush,  dead  and  burned  timber  and 
some  live  trees.  All  the  logs  and  brush  were  gathered  into  piles 
and  burned  during  the  progress  of  the  work.  The  live  timber  or 
such  as  was  needed  was  used  in  construction  of  outlet  cribs  at  dam. 
The  bottom  land  flooded  was  covered  with  black  soil  which  made 
the  water  somewhat  black  and  offensive  the  first  season  of  flooding, 
but  it  has  now  cleared  up  and  the  water  is  of  a  deep  blue,  clear 
color,  justifying  the  name  of  Turquoise  lake  that  has  been  given 
the  reservoir  by  the  railroad  people  who  have  advertised  it  as  a 
resort. 

ExGiNEERixG  FEATURES — The  following  features  of  the  dam 
may  be  worth  recording: 

Total  quantity  earth  from  borrow  pits   was,         96,762  cu.   yds. 
Total   quantity   earth    from   spillways   was  17,601    cu.   yds. 


Total   Excavation   1 14,363  cu.  yds. 

Top  soil  wasted,  17475  cu.  yds. 

Rip  rap  stone   from   excavation,     1,500  cu.  yds.   18,975  cu.  yds. 


Actual  excavation  put  into  dan^,  95>388  cu.  yds. 

Actual  cross  section  of  dam,  90,200  cu.  yds. 


Diflference,  5, 188  cu.  yds. 

Shrinkage,  5188/95388=5.44%. 

It  should  be  noted  that  the  dam  remained  partly  completed 
through  one  winter  and  had  a  chance  to  become  compacted,  al- 
though it  was  thoroughly  sprinkled  and  rolled  during  all  the  con- 
struction before  and  after  this  interval. 

The  estimated  cost  of  the  dam,  including  the  site,  lands,  ma- 
terials, labor  and  engineering  was  $127,655.00,  and  the  final  cost 
was  slightly  within  this  amount. 
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The  contractors  were  Clough  &  Anderson,  of  Colorado 
Springs,  Colo.,  who  took  a  great  personal  interest  in  and  did  an 
excellent  piece  of  work,  reflecting  credit  on  them. 

The  work  was  done  under  the  direction  of  the  writer  as  Chief 
Engineer;  W.  M.  Porter,  Assistant  Chief  Engineer;  W.  D.  Salter, 
Resident  Engineer,  of  the  Engineering  Department  of  The  C.  F.  & 
I.  Co.,  and  Jno.  Birkinbine,  Philadelphia,  Consulting  Engineer; 
all  plans  and  construction  having  been  approved  by  the  then  State 
Engineer,  A.  J.  McCune  and  his  successor  in  office,  Prof.  L.  G. 
Carpenter. 

DISCUSSION. 

Mr.  C.  B.  Biirdick,  m.w.s.e.  :  The  Society  is  indebted  to  the  au- 
thor for  a  very  interesting  paper  upon  a  subject  that  comes  up  fre- 
quently in  hydraulic  construction.  This  type  of  dam  is  probably 
more  used  than  any  other.  There  is  no  better,  more  economical  or 
more  enduring  type  than  the  earthern  dam  similiar  to  that  described, 
in  situations  where  its  use  may  be  permitted,  and  there  is  scarcely 
a  case  in  hydraulic  construction  where  it  may  not  be  properly  used 
in  some  part  of  the  work.  The  engineering  profession  is  indebted 
to  the  engineers  of  the  far  west  for  some  very  interesting  examples 
in  construction  of  this  kind,  which  depart,  in  some  measure,  from 
the  old  and  established  practices  of  this  form  of  construction. 

These  designs  cover  some  interesting  departures  from  former 
practice  in  the  construction  of  earthern  dams,  and  the  inception  and 
development  of  the  rock  fill  type,  particularly  applicable  to  some 
w^estern  reservoir  sites.  In  several  instances  there  has  been  noted 
the  tendency  to  cut  down  conservative  safety  factors.  I  would  say, 
however,  that  the  cross  section  of  the  dam  described  would  be  con- 
sidered a  conservative  cross  section  anywhere.  The  absence  of  core 
wall  is  notable.  It  has  commonly  been  considered  necessary  to 
structures  of  this  type,  particularly  in  the  east.  It  is  less  applied 
in  the  west,  and  I  believe  there  are  many  cases  where  it  is  not  neces- 
sary.   It  is  quite  possible  tliat  the  case  cited  here  is  one  of  them. 

Upon  a  recent  trip  to  the  coast  I  had  the  pleasure  of  seeing  some 
earthwork  constructed  in  rather  a  novel  manner.  This  was  at 
Seattle,  where  they  are  filling  the  tide  flats  by  the  hydraulic  method 
similiar  to  that  emplnyed  in  placer  mining.  A  great  hill  is  being 
cut  down  and  the  material  transported  more  than  half  a  mile  in 
wooden  pipes.  This  style  of  construction  has  been  used  with  suc- 
cess on  a  number  of  western  railroads  in  making  deep  fills,  and  a 
number  of  earthern  dams  have  been  built  by  this  sluicing  process. 
I  rather  wonder  that  this  method  was  not  tried  upon  this  construc- 
tion.    They  apparently  have  considerable  clay  at  a  good  elevation. 

Mr.  J.  H.  Warder,  m.w.s.e.:  Would  you  not  regard  that  inner 
lining  of  the  dam  of  clay  as  an  equivalent  to  a  clay  core  wall  ? 

Mr.  Andrews  Allen,  m.w.s.e.:  One  would  expect  to  find  a  core 
wall  in  the  core  and  not  on  the  side. 
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Mr.  Biirdick:  I  think  western  engineers  would  contend  that  the 
water  face  of  the  dam  was  the  very  best  place  for  a  core  wall. 

Mr.  Allen  :  I  would  ask  how  the  spillways  are  faced,— if  they 
are  paved  like  the  other  portion  of  the  dam,  or  if  they  have  a  con- 
crete facing? 

Mr.  Biirdick :  In  a  dam  that  we  constructed  this  last  vear  we 
paved  the  spillway  with  concrete.  We  built  a  wide  spillway,  having 
a  steep  slope,  and  concentered  it  into  a  channel.  The  case  spoken 
of  in  the  paper  is  a  very  unusual  one.  The  author  speaks  of  the 
maximum  flow  as  600  second  feet  in  June,  and  of  the  capacity  of 
each  of  those  pipes  as  400  cubic  feet  per  second,  so  he  has  some  re- 
serve in  his  outlet  pipes,  in  passing  the  largest  measured  flood,  and 
it  is  probable  that  if  the  flood  ever  over-topped  those  spillways,  it 
would  be  only  of  short  duration,  and  probably  not  injure  the  con- 
struction. 

Furthermore,  the  spillways  appear  to  be  all  in  natural  bank,  and 
cutting  is  slow  in  a  natural  hard-pan  bank  of  that  kind. 

I  was  somewhat  interested  in  the  controlling  valve  shown.  The 
balanced  valve  upon  the  inside  of  the  reservoir  is  somewhat  novel. 
I  do  not  quite  understand,  however,  how  it  is  expected  to  work  that 
chain  when  the  reservoir  is  covered  with  ice.  Upon  a  recent  piece 
of  w^ork  we  had  a  similar  problem.  We  wished  to  avoid  the  con- 
struction of  a  valve  tower  in  the  reservoir,  and  placed  an  elbow  at 
the  up-stream  end  of  the  pipe,  and  connected  thereto  an  ordinary 
waterworks  valve.  The  valve  is  laid  on  an  angle  of  45  degrees, 
pointing  up  the  bank  and  is  operated  by  a  long  valve  stem  enclosed 
in  a  pipe  all  embedded  in  the  embankment  below  frost.  The  valve 
chamber  is  situated  at  the  top  of  the  embankment. 

Mr.  W.  B.  Storey,  m.w.s.e.  :  There  is  one  point  in  the  paper  that 
I  might  call  attention  to,  which  seems  new  ;  that  is,  the  shrinkage 
mentioned.  The  author  shows  that  the  material  taken  from  the 
borrow  pits  and  spillway  occupied  5  per  cent,  less  space  than  in  the 
original  ground.  I  would  like  to  know  if  anyone  has  heard  of  any 
such  grade  shrinkage  as  that,  or  has  run  across  that  fact  before? 

Apparently  the  character  of  the  material  was  against  building 
the  dam  by  the  sluicing  process.  In  order  to  make  a  success  of 
building  the  dam  by  water,  the  material  must  have  a  certain  amount 
of  sand  in  it,  and  it  must  disintegrate  to  a  certain  extent.  Clay 
as  a  rule  (especially  when  it  is  as  pure  as  indicated  in  this  paper) 
tends  to  ball  up  and  does  not  make  a  good,  watertight  dam. 

Mr.  Biirdick:  In  regard  to  that  I  would  say  that  at  Seattle  they 
are  using  practically  a  brick  clay,  and  this  is  also  true  at  Danville, 
Illinois.  I  have  some  photographs  taken  from  the  bank  at  Seattle 
that  look  like  rock.  There  is  a  brick  plant  on  the  hill  where  the 
excavation  is  being  taken  out.  It  is  true  the  clay  does  not  sluice 
as  easily  as  some  other  material,  but  they  are  able  to  transport  that 
material  at  good  profit  and  carry  it  half  a  mile. 

Mr.  Storey:  There  is  no  objection  to  moving  material  by  sluic- 
ing, of  course.     The  point  I  was  trying  to  make  was  relative  to 
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compactiiif^  the  material  and  making  a  waterproof  dam.  I  think 
probably  the  principal  reason  that  this  process  would  not  be  used 
in  this  particular  place  where  they  were  trying-  to  make  a  laver  con- 
tinuous with  the  layer  under  the  dam  is  that  deposit  would  be  in 
the  shape  of  balls.  Possibly  at  Seattle  it  was  being  placed  in  mass 
and  for  the  filling  in  of  land.  The  railroad  filling  in  the  northwest 
has  almost  always  been  where  there  is  gravel.  Handling  clay  b>^ 
this  method  is  rather  expensive.  In  hydraulic  mining  the  way  in^ 
which  the  bank  is  attacked  is  by  undermining  with  the  hydraulic 
monitor,  allowing  large  masses  of  clay  to  cave  down,  and  carrying 
them  through  the  sluices.  But  material  so  carried  will  not  make 
a  first  class  dam. 

Mr.  Jolin  Birkinhinc  (by  letter)  :  The  problems  to  be  met  by 
the  engineer  who  seeks  to  utilize  the  precipitation  upon,  or  the 
run-ofT  from  the  mountains  forming  the  continental  divide  of  the 
United  States,  and  a  considerable  area  on  either  side  of  it.  are 
quite  dififerent  from  those  to  be  carried  out  in  the  section  of  the 
country  where  rainfall  is  more  copious  or  evenly  distributed.  The 
writer's  familiarity  with  the  hydrological  conditions  in  the  Rockv 
Mountain  Region,  in  what  may  be  considered  the  arid  or  semi- 
arid  sections,  has  impressed  him  with  the  resourcefulness  of  local 
engineers  who  meet  conditions  and  overcome  difficulties  in  a  mas- 
terly manner. 

As  consulting  engineer  for  the  Colorado  Fuel  &  Iron  Co..  for  the 
past  8  years,  the  details  of  the  water  supply  for  the  growing  works 
of  this  corporation  demanded  a  great  deal  of  attention,  and  the 
relative  merits  of  pumping  and  gravitation  supplies,  of  condensing- 
steam,  of  recooling  water,  all  received  thorough  investigation.  The 
territory  which  was  convenient  to  Pueblo,  the  site  of  the  company's 
works,  was  investigated,  and  hundreds  of  miles  of  wagon  travel 
was  necessary  to  accomplish  this.  Several  hundred  miles  of  survey 
w-as  run  before  the  present  project  was  decided  upon,  and  during 
construction,  corps  of  engineers  with  instruments  made  many  miles 
more  of  surveys. 

The  scheme  as  outlined  by  !\Ir.  Hosea  will  undoubtedly  impress 
the  reader  as  very  pretentious,  for  an  individual  steel  plant  to 
maintain  a  line  of  conduit  42  miles  in  length,  in  addition  to  large 
receiving  reservoirs  and  an  impounding  reservoir  160  miles  up  the 
Arkansas  river,  and  the  natural  question  will  be  "does  it  pay  to 
spend  so  much  money  for  a  water  supply?"  The  reply  to  these 
criticisms  is  that  the  works  established  were  growing  rapidly,  ani 
promise  to  continue  to  grow ;  that  for  anv  large  steel  producing 
plant,  water  in  large  volume  is  essential,  and  that  barring  accident  to 
the  line  of  conduit,  the  expense  for  interest  and  maintenance,  di- 
vided by  the  dailv  capacity  of  the  conduit,  will  not  niakc  the  water 
'supply  for  the  Minnequa  plant  cost  more  per  million  gallons,  than 
that  furnished  to  some  other  steel  industries  by  pumping  from 
streams. 

The  impounding  of  water  in  large  reservoirs,  such  as  the  Sugar 
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Loaf  storage,  described  by  Mr.  Hosea,  demands  a  study  of  the  vary- 
ing conditions  of  snow  on  the  mountains,  the  time  of  its  deposition, 
whether  early  or  late  in  the  season,  the  effect  of  winds  driving  snow 
into  canons  and  gulches,  the  packing  of  this  snow,  and  the  alternate 
thawing  an  J  melting  which  give  an  icy  surface,  all  influence  the 
amount  of  run-oft'  and  the  time  during  which  the  water  passes 
down  the  streams,  and  consequently  the  excess  water  which  can 
.be  impounded. 

The  storage  of  water  in  reservoirs  on  the  plains  where  there  is  an 
underlying,  pervious  strata,  reached  through  the  abandoned  homes 
of  burrowing  animals,  closed  by  sand  and  unnoticed  until  reopened 
by  wasting  water,  the  evaporation  due  to  abundance  of  sunshine, 
prevailing  winds  and  a  dry  atmosphere,  all  demanded  attention ;  and 
in  the  utilization  of  water  at  the  steel  works  altitude  had  to  be  con- 
sidered as  affecting  the  generation  of  steam,  natural  draught  and 
the  oxygen  furnished  by  the  air  which  passed  through  the  blowing 
■engine. 

In  constuction,  provision  was  made  for  what  are  properly  termed 
"cloud  bursts,"  where  stream  beds,  dry  for  most  of  the  year,  are 
transformed  in  a  short  time  into  rushing  torrents  by  the  heavy 
downpours  on  limited  local  areas  wich  prevail  along  the  frontal 
range. 

Mr.  Hosea  has  instructively  explained  the  work  done  which  is 
necessarily  the  sequel  to  patient  and  painstaking  investigation. 

CLOSURE. 

Mr.  Hosea :  It  was  a  source  of  great  regret  to  the  author  that 
he  was  not  able  to  be  present  in  person  at  the  Society  meeting  to 
take  part  in  the  discussion. 

Mr.  Burdick  suggests  that  a  cross  section  of  the  dam  would  be 
considered  conservative  anywhere  and  that  the  absence  of  core  wall 
is  notable.  I  think  it  is  sufficiently  plain  for  reasons  given  in  the 
main  paper  why  a  conservative  section  was  chosen,  and  some  of  the 
reasons  are  given  why  the  clay  facing  was  chosen  in  preference  to 
penetrating  the  underlying  clay  sheet  with  a  core  wall.  As  a  matter 
of  fact,  all  the  material  used  in  the  dam  section  would  be  considered 
good  dam-making  material  and  suitable  for  the  purpose,  without 
either  core  wall  or  facing. 

Mr.  Burdick  speaks  of  the  so-called  hydraulic  method  of  dam 
making  and  wonders  that  it  is  not  tried  here.  The  character  of  the 
material  was  not  considered  suitable  for  this  method  nor  was  the 
water  available  to  carry  on  this  kind  of  work.  It  is  doubtful 
whether  the  preliminary  expense  of  getting  the  water  under  pres- 
sure to  the  proposed  borrow  pits  and  conveying  the  material  to 
the  dam  would  be  justified  for  a  dam  of  this  size;  besides  which 
the  water  rights  in  this  country  are  jealously  guarded  and  it  is  not 
feasible  to  use  them  except  for  irrigation  purposes.  In  the  present 
instances,  all  the  water  that  is  stored  in  the  reservoir  is  stored  in 
the  winter  and  early  spring  before  irrigation  begins. 
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In  regard  to  the  operation  of  the  balance  valves.  The  areas  are 
so  calculated  that  there  is  not  any  severe  closing-  pressure  even  when 
the  reservoir  is  full.  They  are  intended  to  be  and  remain  open 
except  in  emergency.  If  the  reservoir  were  covered  with  ice  and 
it  was  desired  to  close  the  valves,  there  should  be  no  difficu4ty  in 
freeing  the  chains  from  the  ice  for  the  purpose  of  closing  them. 

Mr.  Allen  speaks  of  facing  the  spillways.  The  spillways  are  not 
faced,  but  being  cut  in  natural  ground,  which  happens  to  be  largely 
boulders,  it  is  not  considered  that  cutting  is  likely  to  occur.  With 
the  reservoir  full  the  outflow  will  be  regulated  by  the  valves.  We 
are  not  dealing  with  cloudburst  floods  at  the  period  of  maximum 
flow,  but  with  melting  snows,  which  can  be  much  more  easily  hand- 
led. As  a  measure  of  prudence,  however,  and  since  this  paper 
was  prepared  the  paving  of  the  spillways  has  -l^een  in  progress. 
Owing  to  accident  or  mischief  the  chains  connecting  two  of  the 
valves  to  top  of  dam  became  inoperative.  It  became  necessary  to 
have  a-  diving  outfit  recover  them  before  they  could  be  operated. 
In  the  meantime  some  water  ran  through  spillway  and  occasioned 
alarm.  \\'e  decided  to  pave  and  thoroughly  protect  a  spillway  area 
of  200  feet  in  width,  so  it  could  carry  at  least  the  maximum  flow  of 
600  second  feet  with  entire  safety.  This  has  now  been  done  and 
further  precaution  will  be  taken  to  guard  against  anything  happen- 
ing to  the  valves  to  prevent  them  from  being  operative  at  all  times ; 
in  other  words,  making  ihcm  '"fool-proof"  if  possible. 


THE  WORK  OF  THE  SANITARY  DISTRICT  OF  CHICAGO  :   THAT  ALREADY  ACCOM- 
PLISHED AND  YET  CONTEMPLATED  BELOW  THE  CONTROLLING 
WORKS  AT  LOCKPORT. 

By  Isiiam  Raxdolph,  m.w.s.e. 
Presented  June  26,  ipo/. 

It  is  now  nearly  twelve  years  since  I  addressed  this  Society  about 
the  things  we  were  doing  and  the  things  we  were  going  to  do, — 
twelve  long  years — and  in  that  time  we  have  wrought  a  wonderful 
■change.  The  Chicago  River  flowing  to  the  southwest  and  the 
^vaters  of  Lake  ^Michigan  are  being  delivered  moment  by  moment 
into  the  Gulf  of  Mexico ;  the  back  bone  of  the  "divide"  has  been 
cut  through  and  the  way  is  now  open  for  a  great  ship  canal  from 
Chicago  to  the  Gulf. 

The  subject  of  water  transportation  is  one  of  the  most  pressing 
questions  now  before  the  American  people.  When  such  great  men 
in  the  railroad  world,  as  Mr.  James  J.  Hill  admits  that  the  railroads 
are  now  unable  to  do  the  business  of  the  country,  and  that  the 
\vaterways.  must  be  called  in  as  auxiliaries,  we  can  appreciate  that 
the  time  has  come  for  our  Government  to  improve  the  internal 
Avaterways.  But  the  subject  of  waterways  is  not  for  this  address, 
but  rather  to  tell  of  some  of  the  things  that  the  Sanitary  District 
is  doing  and  of  the  things  it  proposes  to  do.  In  looking  back  over 
the  work  done,  while  it  is  a  personal  pleasure  to  speak  of  that  w^ork 
it  is  a  still  greater  pleasure  to  talk  about  the  men  who  have  made 
possible  the  results  obtained.  For  fourteen  years  I  have  been  in 
charge  of  this  great  work ; — fourteen^-ears  of  toil,  anxiety  and  of 
measured  success;  but  that  measure  of  success  has  been  made  pos- 
sible, by  the  ability  and  loyalty  of  the  men  who  helped  in  this  work. 
It  is  a  pleasure  to  think  of  the  loyalty  of  these  men,  and  to  hope 
that  they  may  all  attain  that  success  in  life  which  their  talents  and 
loyalty  deserve. 

3*1  any  years  ago,  when  I  first  took  hold  of  the  work  of  the  Sani- 
tary District,  I  went  to  it  from  a  life  of  railroad  engineering,  and 
^vith  but  little  knowledge  of  hydraulic  work.  I  made  known  this 
fact  to  the  Sanitary  Trustees,  but  it  was  their  pleasure  that  I  should 
assume  charge  of  the  work.  After  I  had  been  in  charge  but  a  short 
time  I  realized  that  there  would  eventually  be  a  great  flood  flowing 
down  the  channel  that  was  to  be  built,  and  this  stream  had  a  po- 
tentiality, the  conservation  of  which  meant  an  immense  resource  to 
the  Sanitary  District,  in  the  way  of  water  power.  On  my  first  vaca- 
tion I  went  to  Niagara  Falls  and  spent  two  or  three  days  there  with 
the  hydraulic  and  electrical  engineers  in  studying  what  was  being 
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Fig.  1. — The  Sanitary  District  of  Chicago. 
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done  in  the  utilization  of  their  water  power.  On  my  return  I  made 
a  report  upon  the  great  possibilities  of  our  water  power.  The  time 
is  now  measured  by  months,  I  might  almost  say  by  weeks,  when 
this  dream  of  nearly  fourteen  years  ago,  and  which  has  been  taking 
shape  since  then,  will  become  a  realization ;  when  the  waters  of  Lake 
Michigan,  carrying  away  the  sewage  of  Chicago,  will  pass 
through  the  new  water-power  plant  near  Lockport  and  develop  a 
tremendous  electric  power. 

Referring  to  the  map,  Fig.  i,  is  shown  the  Sanitary  District  of 
today.  The  original  limits  of  the  District  were  from  87th  Street 
on  the  south,  to  Devon  Avenue  on  the  north.  In  1903  a  law  was 
passed  which  added  to  this  territory  about  74  sq.  miles  on  the  north 
(known  as  the  North  Shore  District)  and  about  92  sq.  miles  on  the 
south  (known  as  the  Calumet  District)  :  the  total  area  of  the  Sanitary 
District  today  is  358  sq.  miles. 

The  location  of  the  origianl  Sanitary  Canal  is  well  known  to 
most  of  you, — passing  down  from  the  Chicago  River  near  Robey 
Street  and  down  the  Des  Plaines  Valley  to  Lockport,  where  the 
water  was  discharged  into  the  Des  Plaines  River. 

The  plans  now  under  consideration  and  which  will  be  carried 
forward  as  rapidly  as  our  limitations  permit,  are : 

First ;  on  the  North  Side  a  canal  extending  from  Wilmette, 
southerly  along  the  western  limits  of  the  City  of  Chicago  and  join- 
ing the  north  branch  of  the  Chicago  River  at  Lawrence  Avenue. 
To  obtain  a  flow  in  this  canal,  to  dispose  of  the  sewage  of  that  part 
of  the  district,  pumping  will  be  necessary.  The  pumping  works 
will  be  at  the  north  end  of  this  canal  and  will  be  of  a  capacity  of 
60,000  cu.  ft.  of  water  per  min.  When  this  work  is  completed  and 
in  operation,  and  also  the  Lawrence  Avenue  Pumping  Plant,  all  the 
sewage  on  the  North  Side,  as  far  as  Wilmette,  will  pass  down  that 
canal  and  the  north  branch  of  the  Chicago  River. 

On  the  South  Side,  in  the  Calumet  District,  the  conditions  are 
different.  There  it  is  proposed  to  reverse  the  flow  of  the  Calumet 
River  (as  the  flow  of  the  Chicago  River  was  reversed)  carrying 
it  down  through  the  Sag  Valley  and  discharging  the  water  and 
sewage  into  the  main  channel  opposite  Sag  Bridge  (now  called 
Lambert)  on  the  "Alton"  railway.  But  this  work  is  now  held  in 
abeyance. 

The  International  Waterways  Commission,  consisting  of  three 
American  and  of  three  Canadian  members,  has  reported  to  their 
respective  Governments,  recommending  that  the  amount  of  water 
to  be  taken  from  Lake  Michigan  by  the  works  of  the  Sanitary  Dis- 
trict be  limited  to  that  volume,  which  is  intended  to  be  taken  through 
the  main  channel,  viz.  10,000  cu.  ft.  per  sec,  though  we  asked  for  an 
additional  flow  of  4,000  cu.  ft.,  a  total  of  14,000  cu.  ft.  per  sec. 
When  we  built  the  main  channel  we  did  not  go  to  Congress  for  a 
permit  to  turn  the  river  into  it,  as  we  had  faith  that  our  work 
would  be  acknowledged  as  the  right  thing  and  that  when  the  proper 
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time  came,  a  permit  would  be  given  to  reverse  the  flow  of  the 
Chicago  River. 

Just  before  the  time  of  opening  the  main  channel  an  appeal  was 
made  to  the  Secretary  of  War  for  that  permit  and  it  was  granted, 
nor  has  Congress  ever  seen  it  necessary  to  revoke  it. 

Knowing  that  opposition  existed  against  the  improvement  of  the 
Calumet  River,  we  consider  it  advisable  to  go  to  the  Secretary  of 
War  in  advance  and  ask  for  a  permit  to  reverse  its  flow.  This 
question  was  argued  on  two  occasions  before  the  Secretary  of  War, 
and  the  advice  of  the  Attorney  General  was  asked  on  this  subject. 
The  Attorney  General  advised  the  Secretary  of  War  that  he  could 
not  issue  a  permit  on  an  improvement  of  this  kind  without  the  con- 
currence of  the  Chief  of  Engineers.  The  Chief  of  Engineers  re- 
fused to  concur,  so  the  permit  could  not  be  issued. 

On  the  4th  of  May,  last,  the  President  of  the  Sanitary  District 
brought  this  question  before  the  Secretary  of  War  for  further 
argument  and  our  Attorney  presented  his  arguments  so  forcibly 
that  the  Secretary  of  War  said  a  test  case  would  be  made  of  it.  and 
the  case  carried  to  the  Supreme  Court,  that  the  rights  of  the  Sani- 
tary District  be  settled,  once  for  all. 

To  consider  now  the  utilization  of  this  water  power,  and  also  to 
provide  for  navigation,  it  was  considered  the  best  plan  to  extend 
the  channel  of  the  Drainage  Canal  in  a  southerly  direction  about 
two  miles,  that  a  greater  head  might  be  secured  for  the  water 
power. 

At  the  controlling  works,  as  you  may  remember,  there  are  the 
Bear  Trap  dam  and  the  seven  "Stony"  sluice  gates  for  regulating 
the  flow  in  the  canal.  The  top  of  the  wall  surrounding  the  basin 
at  this  point  has  an  elevation  of  -f-5  (five  feet  above  Chicago 
Datum),  and  the  bottom  of  the  channel  has  an  elevation  of  — 30.1 
(below  Chicago  Datum).  The  general  ground  level  here  is  about 
— 12,  and  falls  rapidly  down  the  valley,  so  that  in  the  next  10,000 
ft.  the  level  is  in  the  neighborhood  of  — 36.  The  plan  decided  upon 
extended  the  channel  down  stream  10,700  ft.  to  a  point  when  a  fall 
of  34  ft.  could  be  had. 

The  East  Side  of  this  channel  is  a  concrete  wall  of  a  uniform 
height  of  -f  5  (Chicago  Datum)  and  backed  with  broken  rock  and 
earth,  so  the  entire  width  of  wall  and  enbankment  is  50  feet.  The 
channel  has  a  greater  width  than  necessary  for  the  passage  of  boats 
and  includes  a  considerable  portion  of  the  Des  Plaines  River,  that 
a  volume  of  water  would  be  had  sufificient  to  avoid  great  oscillations 
in  the  water  level  at  the  power  house  when  passing  boats  through 
the  lock.  The  west  boundary  of  this  pool  is  part  embankment,  hav- 
ing a  heavy  clay  core  for  about  three  quarters  of  a  mile  ;  the  enbank- 
ment is  faced  with  broken  rock  on  both  sides.  Commencing  about 
600  ft.  north  of  the  "Wire  Mills  Road"  a  concrete  core  wall  is  built, 
extending  down  stream  to  within  about  T.400  ft.  of  the  power  house. 
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This  core  wall  is  about  3  ft.  wide  on  top  and  7  ft.  wide  at  bottom, 
and  the  top  of  the  wall  has  an  elevation  of  — 10.  It  is  buried  in  clay 
and  this  again  is  buried  in  broken  stone. 

This  wall  and  the  enbankment  (under  construction)  is  shown  in 
Fig.  2.  The  clay  was  hauled  from  the  spoil  banks  of  the  Drainage 
Canal,  section  L.  and  M.,  about  24  miles  distant.  To  provide  facil- 
ities for  handling  this  clay,  amounting  to  over  325,000  cu.  yds.,  a 
track  was  laid  over  this  core  wall  being  supported  on  the  channel 


Fig.  2. — Concrete  Core  Wall. 


Fig.  4. — A  Large  Alternator. 
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side  by  posts,  as  shown  in  the  ilhistration,  the  other  end  of  the  caps 
resting  on  the  concrete  core  wall.  Uunip  cars  as  shown,  handled 
the  clay,  delivering  it  on  either  side  of  the  wall.  The  clay  was 
puddled  with  a  water  jet,  which  proved  to  be  an  admirable  method 
of  compacting  the  clay  and  with  excellent  results.  In  Fig.  3  is  shown 
the  end  of  this  pool,  the  location  of  the  power  house  with  its  turbine 
chambers,  tlie  location  of  the  lock  and  movable  dams.  etc. 

The  Power  House  is  386  feet  long  and  69  feet  wide,  with  space 


Fig.  ^. — The  Exciter  Units. 


Fig.  6. — Three  Pair  of  Turbines,  untler  construction 
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for  8  large  a.  c.  electric  generators,  and  also  the  space  for  the  three 
exciter  units.  The  large  alternator  is  shown  in  Fig.  4  and  two  of 
the  exciter  units  in  Fig.  5.  Adjacent  and  part  of  the  Power  House 
are  the  nine  turbine  chambers  65  feet  long,  and  in  which  are  in- 
stalled the  three  pair  of  horizontal  turbines,  as  shown  in  Fig.  6 
under  erection,  and  in  Fig.  7  as  completed.  Each  pair  of  wheels 
is  on  its  own  section  of  shaft,  12  in.  diam.,  the  sections  being  of  three 
different  grades  of  steel.  The  shaft  is  guaranteed  to  transmit  6,500 
H.  P.  The  water  enters  the  wheels  at  the  periphery  and  is  dis- 
charged from  the  center  through  curved  cast  iron  connecting  tubes 
to  the  draft  tubes  below  the  wheels,  which  are  worked  out  of  the 
solid  concrete  masonry  foundation  of  the  water-wheels.  These 
draft  tubes,  which  are  of  peculiar  construction,  and  we  believe  of 
great  merit,  w'ere  designed  by  Mr.  L.  E.  Cooley. 

The  head  of  water  at  the  turbines  will  ordinarily  be  34  ft.  The 
turbine  shaft  will  run  in  oil  bearings,  the  oil  being  piped  under 
pressure  to  them  and  then  flows  to  a  receiver  to  be  used  again.  To 
give  access  to  the  bearings  for  inspection,  etc.,  water-tight  inspec- 
tion tubes  are  installed,  shown  in  the  views  of  the  turbines.  These 
tubes  extend  up  above  the  water  level  of  the  turbine  chambers  so 
they  may  be  readily  entered  by  attendants  at  the  plant.  The  regula- 
tion of  the  turbines  is  effected  by  Lombard-Replogle  mechanical 
governors.  The  contractors  for  the  water  wheels  were  Wellman- 
Seaver-Morgan  Co.,  of  Cleveland,  Ohio,  and  the  work  is  a  credit 
to  them.  The  eight  electric  generator  sets  (alternators)  Fig.  4  of 
^,ooo  k.  w.  capacity  are  29  ft.  diam.,  run  at  163  rev.  per  min.,  hive 
44  poles  and  give  6,600  volts  60  cycle,  three  phase  current.  The 
three  exciter  units,  shown  in  Fig.  5,  are  600  H.  P.  each,  two  of 


Fig.  7. — One  set  of  Turbines,  installed. 
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which  have  been  installed.  All  this  electrical  niacliinery  was  built 
by  the  Crocker-Wheeler  Electric  Co. 

A  view  of  the  Power  House,  showing  the  9  arched  openings  for 
the  discharge  of  the  water  from  the  turbines,  is  shown  in  Fig.  8. 
The  House  is  built  of  concrete  blocks  of  a  T  shape,  which  interlock 
and  enclose  an  air  space  that  should  make  a  dry  wall.  The  blocks 
were  treated  with  a  water-proof  compound,  but  after  exposure  to 
the  weather  over  last  winter,  the  water-proofing  had  disappeared. 
The  Power  House  was  designed  by  IMr.  Barrett,  who  was  originally 
in  our  bridge  department,  and  who  I  think  has  done  himself  great 
credit  in  the  design. 

Referring  now  to  Fig.  9  there  is  shown  the  Ice  Fender  wall  with 
the  submerged  arches,  which  admit  the  water  to  the  fore-bay.  Over 
the  wall  and  beyond  the  fore-bay  can  be  seen  the  up  stream  side  of 
the  power  house,  with  the  gratings  or  screens  at  the  entrance  to  the 
turbine  chambers.  The  Guide  wall  to  the  Lock  is  seen  at  the  left. 
and  between  that  and  the  Ice  Fender,  in  the  distance,  is  seen  the 
Movable  Dam.  This  is  shown  more  in  detail  in  Fig.  10.  It  is  48  ft. 
long  and  has  an  oscillation  of  18  ft.  from  — 16  to  -{-2,  Chicago 
Datum.  It  is  an  adaption  of  the  Tainter  gate,  combined  with  the 
Bear  Trap  dam  principle.  It  is  operated,  however,  in  a  different 
way  from  the  ordinary  Tainter  gate. 

This  movable  dam  is  let  down  into  the  pit  formed  in  the  masonry, 
and  is  lifted  by  the  pressure  of  water  let  in  through  valves  below  the 
gate.  There  are  two  of  these  dams, — one  48  ft.  long-,  which  controls 
the  elevation  of  the  water  in  the  pool,  and  the  second  12  ft.  long, 
which  will  dispose  of  any  ice  and  drift,  which  may  get  into  the  fore- 
bay.  In  Fig.  II,  is  shown  the  down  stream  side  of  these  two  mov- 
able dams.    The  design  is  by  Mr.  L.  E.  Cooley. 
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Two  views  of  the  Lock  are  shown  in  Fig.  12  and  Fig.  13.  In 
one  of  these  is  shown  the  stairs  reaching  to  the  top  of  the  lock 
chamber,  which  is  130  ft.  long  between  quoins  anrl  22  ft.  wide,  with 
a  lift  of  34  ft.  The  other  view  gives  one  a  better  idea  of  the 
depth  of  the  Lock — 57  ft.,  and  also  shows  one  of  the  gates  at  the 
north  end  of  the  lock.  The  filling  and  emptying  of  the  lock  will 
be  by  means  of  tubular  balanced  valves.  The  gates  will  be  oper- 
ated by  electric  power  and  from  either  side.     We  shall  have  event- 


Fig.  9. — Ice  Fender. 


Fig.  10. — ^ioA'ai.ne  uam. 
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ually  at  this  Power  Plant,  if  our  plans  go  through.  41,000  electrical 
horse  power. 

The  new  channel  below  the  controlling  w'orks.  manv  of  the  de- 
tails of  which  have  been  described,  and  which  will  soon  be  opened 
to  receive  and  conduct  the  water  to  the  Power  House,  extends  to 
within  about  23^  miles  of  the  City  of  Joliet.  The  water  level  in 
this  construction  may  at  times  be  held  up  to  the  level  of  Lake  Michi- 
gan, while  the  general  level  of  Joliet  is  probably  35  ft.  below  that. 


Fisr.  II. — Down-Stream  view  of  the  Movable  Dam  = 


Fiu'.    1^. —  Umviistream   view  of  Lock> 
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We  have  built  with  a  view  to  such  permanence,  that  a  safety  device 
should  be  unnecessary,  but  to  give  every  assurance  to  any  timid 
people,  apprehensive  of  a  catastrophe  from  this  body  of  water,  a 
safety  appliance  had  to  be  devised  and  one  that  would  not  interfere 
with  the  waterway.  A  movable  dam,  such  as  at  the  power  plant, 
would  not  do,  as  it  would  block  the  waterway.  After  a  good  deal  of 
consideration  there  was  evolved  the  Butterfly  Valve,  which  has  been 
constructed  and  installed  a  short  distance  below  the  basin  at  the 
Controlling  Works.  This  apparatus  consists  of  a  steel  diaphragm 
supported  on  a  central  vertical  axis  upon  which  it  can  be  rotated, 
and  which  will  reach  entirely  across  the  new  channel  to  above  the 
water  level  and  strong  enough  to  hold  up  this  head  of  water. 

The  lower  end  of  the  central  pivot  is  securely  fastened  into  the 
rock  bottom,  while  the  upper  end  of  the  pivot  is  held  by  a  bridge, 
which  does  not  span  the  stream  but  is  placed  lengthwise  and 
anchored  to  two  masonry  piers  in  mid  stream.     In  the  large  Fig.  14 


Fig-  13- — View  inside  Lock,  looking  north. 
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is  shown  the  design  of  the  bridge,  the  pivots  and  anchorage  to  the 
piers.  Fig.  15  shows  the  two  piers  and  Fig.  16  the  structural  steel 
diaphragm  being  erected.  Fig.  17  and  Fig.  18  show  the  bridge 
from  pier  to  pier  over  the  Butterfly  Valve.  The  massive  bottom 
pivot  is  shown  in  Fig.  19.  In  Fig.  20  is  shown  the  up  stream  face 
of  the  valve  closing  the  openings,  while  Fig.  21  gives  the  down 
stream  face,  under  the  same  conditions.  The  two  water  passages 
on  either  side  of  the  central  piers  and  valve  are  80  ft.  wide.     This 


Fig.  15. — Piers  for  Butterfly  Dam. 


Fig.  16. — Butterfly  Dam  under  erection. 
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Butterfly  Dam  is  designed  of  sufficient  strength  to  resist  the  total 
pressure  of  water  when  the  water  in  the  channel  above  is  lield  up 
to  the  level  of  Lake  Michigan,  and  the  channel  below  the  valve  is. 
empty.  It  is  so  constructed  that  it  will  close  and  may  be  opened  by 
the  pressure  of  the  water  against  it.  Credit  is  due  to  Mr.  Dart  and 
his  assistants  in  working  out  the  details  of  construction  of  this  mov- 
able dam.  When  there  is  no  water  on  the  down  stream  side  of  this 
dam.  the  pressure  on  the  bottom  pivot  will  be  3,760,000  lbs.  and  the 


Fig.  17. — Butterfly  Dam  and  Supporting  Bridge. 


Fig.  18. — Butter.*ly  Dam.  upstream  face. 
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pressure  on  the  top  pivot,  which  is  transmitted  through  the  bridge 
to  the  masonry  piers,  will  be  1.739.000' lbs.,  consequently  the  whole 
structure  must  be  of  considerable  stability. 

The  operation  of  the  swinging  dam  is  as  follows :  In  each  wing 
of  the  valve  are  placed  five  smaller  valves,  which  will  be  operated 
by  electric  machinery.  A  rack  and  pinion  mechanism  at  the  upper 
central  pivot  and  the  bridge,  similar  to  that  in  use  with  swing 
bridges,  will  rotate  the  movable  dam  from  its  normal  position.  With 
certain  small  valves  opened  and  others  closed  there  will  be  an  un- 
balanced pressure  on  the  two  wings  of  the  dam  which  will  swing  it 
across  the  current  against  stops  in  the  side  wall  and  close  the  two 
80  ft.  passages  of  the  channel.  The  small  valves  will  be  then  closed 
and  the  dam  will  shut  off  the  water,  except  such  small  amount  as 
may  leak  by  or  underneath  the  dam.  To  open  the  dam  other  small 
valves  will  be  opened,  which  allowing  the  channel  below  to  be  filled, 
will  also  produce  an  unbalanced  pressure  on  the  wings  of  the  main 
dam  and  cause  it  to  revolve  back  into  its  normal  position. 


Fig.  19. — Main  Pivot  of  Butterfly  Dam. 
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This  structure  cost  the  Sanitary  District  ahout  $207,000,  and 
while  I  do  not  think  it  will  ever  he  necessary  to  use  it  as  a  safety 
device,  yet  it  is  an  investment  which  ought  to  he  made.  It  is  in 
the  nature  of  an  insurance  to  the  City  of  Joliet. 

In  Fig.  22  is  shown  a  map  of  the  Des  Plaines  River  through  Joliet 
and  beyond.  At  the  last  session  of  the  State  Legislature  a  bill  was 
introduced,  the  object  of  which  was  to  empower  the  Sanitary  Dis- 
trict to  create  the  second  water  power  at  or  near  Lake  Joliet.  The 
plan  contemplated  was  the  building  of  walls  through  the  City  of 


Fig.  20. — Butterfly  Dam  completed,  upstream  view. 


Fig.  2i.^P)Utterfly  Dam,  downstream  face. 
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Joliet,  and  the  building  of  a  dam  and  power  plant  at  Lake  Joliet 
-■oi  a  height  which  would  hold  up  the  water  throughout  that  stretch 
'Xo  an  elevation  of  — 40,  Chicago  datum. 

The  crest  of  the  dam  at  the  Economy  Light  and  Power  Co.'s 
plant  (in  Joliet)  has  an  elevation  of  — 42.4,  Chicago  datum;  so  if 
this  plan  is  carried  out  the  water  in  the  present  pool  above  dam  No. 
J,  will  stand  at  2.4  ft.  above  the  crest  of  that  dam. 

The  proposition  is  to  make  the  narrowest  part  of  the  channel 
at  Joliet  270  ft.  wide  and  20  ft.  deep.  This  would  necessitate  the 
raising  of  all  the  bridges  in  the  City  of  Joliet,  and  the  building  of 
an  intercepting  sewer  system  to  take  care  of  the  sewage  of  that 
City  and  of  the  water  coming  down  from  the  Penitentiary  ditch  and 
discharging  into  Hickory  Creek  below  South  Street.  This  bill  was 
brought  up  at  the  last  Legislature  and  was  opposed  very  persistently. 
The  State  Legislature  convenes  again  the  8th  of  October  to  take 
up  this  question  and  decide  whether  or  not  this  right  be  given  to  the 
Sanitary  District  and  upon  what  terms. 

The  ofifer  of  the  Sanitary  District  to  the  State  was  that  if  it  were 
permitted  to  do  this,  it  would  make  this  a  navigable  waterway  from 
the  Power  House  to  Lake  Joliet,  but  would  not  build  the  locks  of 
the  large  size  (necessary  for  large  vessels)  which  it  is  expected  the 
Federal  Government  will  build.  This  project  would  add  about  four 
miles  to  the  deep  waterway, — giving  such,  from  Lake  Michigan 
southward  for  a  distance  of  40  miles.  The  right  of  the  Illinois 
and  ^Michigan  Canal  is  such,  that  nothing  can  be  accomplished 
-without  satisfying  that  ward  of  the  State.  The  State  owns  that 
canal,  of  course,  and  the  offer  of  the  Sanitary  District  is  that  it  will 
pay  $75,000  a  year  to  the  Canal  for  the  right  to  do  the  work  which 
I  have  outlined.  Of  course,  it  goes  without  saying  that  all  private 
owners  must  be  compensated  for  whatever  loss  they  suffer  in  this 
connection.  The  results  of  the  Sanitary  District  are  quite  important 
as  the  creation  of  this  second  water  power  (at  Lake  Joliet)  would 
^ive  them  about  80,000  H.  P.  for  sale. 

DISCUSSION, 

President  Abbott:  Of  course  we  all  expected,  when  the  subject 
of  the  meeting  was  announced,  that  we  were  to  enjoy  a  great  treat, 
and  I  am  sure  that  our  expectations  have  been  more  than  realized. 

As  Mr.  Randolph  was  proceeding  with  his  lecture  I  was  im- 
pressed with  one  or  two  things  in  particular, — One  w^as  that  in  the 
home  of  the  Joliet  building  stone  industry,  he  was  constructing  a 
building  with  concrete  blocks — artificial  blocks.  I  wondered  why 
he  did  not  patronize  that  near-by  state  industry — the  stone  quarry 
of  the  state's  prison — instead  of  manufacturing  his  own  stone.  An- 
other point  was,  Mr.  Randolph  is  not  quite  certain  why  he  has  no 
ice  to  bother  him  at  the  Controlling  Works.  He  attributes  it  to 
microbes  contending  with  each  other  in  the  water,  thereby  raising 
the  temperature.    I  would  ask  if  he  has  ever  given  his  two  rivals — 


Discussion — ll'ork   of   Sanitary   District.  331 

the  two  lighting  companies  of  the  city — credit  for  the  1,500  tons  of 
coal  which  they  burn  daily  in  winter  time  to  warm  up  the  water  of 
his  ditch  ? 

Mr.  B.  J.  Ashley,  m.w.s.e.  :  I  would  ask  jMr.  Randolph  what  in- 
gredients he  used  in  making  his  concrete. 

Mr.  Randolph:  Crushed  limestone  to  a  large  extent,  depending 
upon  the  cement  to  cover  and  protect  the  particles  of  stone  from  the 
atmosphere. 

Mr.  W.  S.  Monroe,  m.w.s.e.  :  I  would  ask  if  the  entire  flow  of 
the  drainage  canal  is  to  go  through  this  water-power  plant? 

Mr.  Randolph:    Yes. 

Mr.  Monroe:    What  will  become  of  the  present  channel? 

Mr.  Randolph:  The  present  channel  ends  at  Lockport  and  the 
water  now  passes  from  there  through  the  Controlling  Works  into 
the  Des  Plaines  River.  The  end  of  that  channel  will  be  cut  out  so 
as  to  let  that  water  all  come  down  into  the  new  channel  extending 
down  10.000  ft.  below  the  present  end,  and  the  water  will  pass  down 
on  each  side  of  the  Butterfly  Valve.  The  Controlling  Works  will 
have  no  further  usefulness  except  in  case  of  emergency.  That  will 
remain  there,  in  case  it  is  necessary  to  deflect  some  of  the  water 
away  from  the  Power  Plant. 

Mr.  Monroe:  When  the  Drainage  Canal  is  made  a  Ship  Canal, 
as  is  the  intention,  what  proportion  of  the  flow  of  the  water  will  go 
through  the  Locks?    What  is  the  approximate  estimate? 

Mr.  Randolph:    I  cannot  say  just  now. 

Mr.  Monroe:  All  of  the  waters  going  through  the  locks  will  be 
taken  away  from  the  supply  for  the  power  plant  I  suppose. 

Mr.  Randolph:  That  is  one  of  the  reasons  for  making  as  large  a 
basin  above  the  power  plant  as  possible,  to  prevent  sudden  oscilla- 
tions of  water  level  at  the  power  plant. 

President  Abbott:  With  a  Lock  such  as  you  describe,  which  the 
Government  may  build,  how  often  could  that  be  filled  with  the  flow 
of  the  Canal  ? 

Mr.  Randolph:  It  takes  about  20  minutes  to  pass  a  vessel 
through. 

President  Abbott:  It  would  flood  the  capacity  of  that  Lock  once  a 
minute  ? 

Mr.  Randolph :    Once  in  two  minutes. 

President  Abbott:  Then  by  using  the  entire  flow  you  could  "lock" 
every  two  minutes,  as  far  as  volume  of  water  is  concerned,  but  it 
would  take  20  minutes  to  get  a  vessel  through,  so  it  would  be  im- 
possible to  use  more  than  i/io  of  the  flow  for  lockage.  That  would 
be  the  maximum.  This  will  answer  Mr.  Monroe's  question  I  pre- 
sume. 

Mr.  J.  H.  Warder,  m.w.s.e.  :  Can  you  lock  through  as  often  as 
every  20  minutes  ? 

Mr.  Randolph:    At  the  "Soo"  they  allow,  ordinarily,  30  minutes 
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for  a  vessel  to  pass  through,  but  it  can  be  done  in  less  time  by 
making  a  special  effort.  I  think  it  takes  about  8  minutes  to  fill  the 
Lx)ck  at  the  "Soo"  and  8  minutes  to  empty  it ;  the  rest  of  the  time 
is  used  by  the  vessel  getting  in  and  out. 

President  Abbott:  I  would  ask  Mr.  Randolph  what  it  is  proposed 
to  do  with  this  82,000  H.  P.  ? 

Mr.  Randolph:  We  own  in  that  Valley  7,000  acres  of  land.  This 
land  is  traversed  by  a  navigable  waterway  which  will  float  anything 
that  floats  in  Lake  Michigan;  and  is  paralleled  by  two  trans-conti- 
nental railroads  and  crossed  by  four  Belt  Roads.  It  is  an  ideal 
manufacturing  site,  and  I  hope  to  see  that  channel  lined  with  manu- 
factories, and  those  factories  using  this  power.  Out  of  the  7,000 
acres  must  be  deducted  the  width  of  the  channel ;  a  little  over  5,000 
acres  could  be  made  available  for  power  sites. 

Mr.  D.  W.  Roper,  m.w.s.e.  :  What  would  be  the  objection  to 
using  the  power  to  do  the  pumping  at  Wilmette  ? 

Mr.  Randolph:  It  is  much  cheaper  to  use  coal  there  than  to  put 
up  a  transmission  line.  Our  pole  line  consists  of  steel  poles  60  ft. 
high,  galvanized.  Each  pole  costs  $130.00,  besides  setting  them  up. 
They  are  spaced  350  feet. 

President  Abbott:  That  is  only  about  40  cents  per  ft.,  which  is 
not  extremely  high.  The  cost  is  very  small  in  comparison  with  the 
cost  of  the  copper  which  you  would  use  for  the  line. 

Mr.  W.  E.  Symons:  Not  being  a  sanitary  or  hydraulic  engineer  I 
do  not  feel  competent  to  discuss  the  subject  which  has  been  so  ably 
presented  this  evening.  The  matter  is  one,  however,  that  all  trans- 
portation people  should  be  interested  in,  and  if  they  are  not  interested 
in  it  at  present,  they  eventually  will  be,  for  the  reason  that  the  growth 
of  our  country  is  such  that  the  present  transportation  facilities,  both 
by  rail  and  water,  are  now  inadequate  to  supply  the  demands.  The 
addition  of  greater  transportation  facilities  is  not  anywhere  near  in 
proportion  to  the  increased  demand.  The  idea  which  prevailed  some 
years  ago,  that  on  the  completion  of  the  railways,  the  canals  or 
waterways  had  gone  out  of  commission,  we  have  found  to  be  a 
fallacious  one.  It  is  quite  true  that  the  railways  supplanted  the 
canals  at  that  time,  and  still  will  continue  to  do  so  in  certain  forms 
of  transportation,  for  instance,  for  perishable  goods  and  passengers 
who  are  in  a  hurry.  But  the  use  of  canals  is  going  to  be  called  into 
requisition  again ;  old,  abandoned  channels  will  be  reopened,  new 
ones  will  be  constructed,  and  many  of  our  present  streams  will  be 
canalized  for  future  use.  Regardless  of  the  idea  which  may  have 
come  to  the  minds  of  railway  transportation  people,  that  water  trans- 
portation is  a  thing  of  the  past,  it  is  going  to  be  very  popular  again 
in  the  near  future,  and  it  is  quite  proper  to  suggest — if  you  will 
pardon  the  comment  or  suggestion— that  railroad  men  mi2:ht  well 
"sit  up  and  take  notice ;"  also  all  other  people  should,  I  think,  ex- 
tend a  helping  hand  to  the  end  that  they  co-operate  in  the  further- 
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ing  of  such  worthy  projects  as  Mr.  Randolph  has  so  ably  presented 
this  evening. 

Mr.  Randolph:  In  line  with  the  remarks  of  Mr.  Symons  I  will 
say  that  at  one  of  the  Deep  Waterway  Conventions  a  letter  was  read 
from  the  Vice  President  of  the  New  York  Central  and  Hudson 
River  Railroad  Co.,  in  which  he  expressed  a  desire  that  the  water- 
ways of  the  country  might  be  developed.  He  said  there  was  no 
greater  example  of  the  merits  of  the  waterways  and  the  advantages 
to  railways  than  that  afforded  by  the  New  York  Central  Railroad ; 
that  they  were  on  the  line  of  a  waterway  and  that  their  prosperity 
was  largely  due  to  the  fact  that  the  waterways  carried  the  heavy, 
undesirable,  slow  freight  and  left  to  the  railroads  the  fast  freights 
and  that  class  of  material  which  could  afford  to  pay  a  high  tariff. 
He  also  said  that  there  was  a  great  deal  of  material  that  must  be 
carried  at  a  low  rate,  which  meant  no  profit  to  the  railroads,  and  all 
of  that  class  of  freight  would  be  carried  by  the  waterways ;  that  the 
waterways  would  build  up  cities  and  the  railroads  would  get  the 
cream  of  the  business  of  those  cities. 

Mr.  E.  H.  Lee,  m.w.s.e.  :  It  seems  to  me  that  all  railroad  men 
must  be  very  much  interested  both  in  waterways  and  in  the  growing 
development  and  uses  of  electricity.  The  development  of  hydro- 
electric power  plants  seems  to  be  only  in  its  infancy,  and  the  tech- 
nical journals  in  these  days  are  filled  with  not  only  instances  of  great 
development  of  power  but  also  with  instances  of  still  undeveloped 
power.  The  development  of  electricity  by  increased  economies  and 
the  generation  of  current  by  steam  power  is  receiving  great  atten- 
tion. That  is  particularly  interesting  to  railroad  men  because  they 
have  had  and  are  having  instances  of  the  application  of  this  electric 
power  to  their  own  work,  particularly  around  terminals.  We  are 
finding  that,  in  order  to  get  the  maximum  efficiency  out  of  the  facili- 
ties that  are  available  in  terminals,  it  is  becoming  increasingly  neces- 
sary to  use  this  power.  Probably  most  of  the  members  of  this  So- 
ciety will  live  to  see  the  time  when  the  use  of  electric  energy  at  all 
great  terminal  points — for  instance  in  Chicago — will  be  quite  a 
matter  of  course,  and  that  nothing  else  will  be  thought  of. 

President  Abbott:  The  scope  of  the  lecture  this  evening  was  the 
development  of  an  electric  power  system  rather  than  the  develop- 
ment of  a  ship  canal.  The  inference  is  that  the  development  of  this 
power  in  such  great  quantities  would  put  the  Sanitary  District  in 
the  position  of  a  competitor  with  the  local  lighting  companies.  I 
think  the  lighting  companies  as  well  as  the  Sanitary  District  consider 
this  competition  in  exactly  the  same  light  that  the  competition'  of  the 
waterway  will  be  with  the  railways.  The  power  which  the  Sanitary 
District  will  have  for  sale  will  be  fully  absorbed  by  industries  along 
its  right  of  way,  and  will  serve  only  to  make  a  greater  Chicago  and 
to  put  an  additional  demand  upon  the  lighting  companies. 

Mr.  Randolph:    The  business  of  railroads  today  is  congested.     I 
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recently  looked  up  the  statistics  of  population  of  fifteen  western 
states  in  the  middle  west,  and  found  that  the  population — city  and 
country — of  those  states,  gives  an  average  of  31.4  people  per  sq. 
mile.  What  will  it  be  when  it  gets  up  into  the  hundreds  per  sq.  mile  ? 
If  we  cannot  take  care  of  the  freight  traffic  pertaining  to  31.4  people 
to  the  sq.  mile,  what  will  we  do  when  we  develop  such  dense  popula- 
tions as  they  have  in  the  old  world.  We  must  develop  all  of  our 
waterways  if  anything  like  these  demands  come  upon  us. 


IN  MEMORIAM. 
Oliver  Boukxk  (iRKKx. 
M.W.S.E.,  July  12,  1869 — Dec.  30,  1906. 

A    MEMOIR. 


A  glance  at  a  di>tance  table  of  a  Railway  or  other  public  Highway, 
tells  one  where  it  starts,  where  it  ends  and  the  names  of  the  stations 
along  the  way,  but  it  conveys  no  idea  of  the  characteristics  of  its 
termini,  nor  can  the  mind  picture  truly  for  itself  scenery  along  the 
route;  the  charm  of  this  or  that  stopping  place  named  in  ;he  sched- 
ule, the  broad  expanse  of  valley,  the  shut-in  mountain  pass,  the  tow- 
ering peak  or  the  embosomed  lake  may  all  be  familiar  scenes  along 
the  way,  but  we  know  them  not. 

And  so  it  is  with  the  simple  chronicle  of  human  life;  first  comes 


536  In  Meinoriaiii. 

the  date  of  birth,  then  the  going  forth  from  the  sheher  of  home  for 
school  or  work,  then  the  date  of  marriage  and  last  of  all  the  day  of 
life's  ending  which  may  be  carved  upon  the  tomb,  be  it  the  simple 
head  stone  or  the  ostentatious  mausoleum.  Of  the  man  these  things 
tell  us  nothing.  The  chronicle  gives  us  these  condensed  facts  about 
our  trusted  friend  and  honored  fellow  member,  O.  B.  Green,  but  no 
hint  is  imparted  of  the  endearing  traits  of  his  personality. 

The  chronicle  tells  us  he  was  lx)rn  January  i,  1826;  that  the 
place  of  his  birth  was  his  ancestral  home,  Green  Hill,  Worcester, 
Mass.  We  remember  how 'dear  that  home  was  to  him,  how  with 
strong  local  attachment  his  heart  clung  to  its  memories  even  to  the 
end.  We  know  moreover  that  his  parents  were  William  E.  Green 
and  Julia  Plimpton,  his  wife ;  that  they  came  from  good  old  New 
England  stock  and  that  they  were  a  godly  people.  We  know, 
moreover,  that  he  inherited  this  blessing  of  godliness,  that  it  was 
genuine,  the  guiding  force  of  his  life. 

He  chose  the  profession  of  Civil  Engineering  and  20  years  after 
his  birth  he  was  making  a  survey  of  the  "interior  line  of  the  Hudson 
River  Railroad  from  Albany  to  Poughkeepsie."  One  of  our  mem- 
bers* whom  we  revere  for  his  worth,  his  attainments  and  his  ripe 
experience,  writes  us — "On  the  Interior  Line  I  had  the  pleasure 
of  being  flagman  for  Mr.  Green,  and  on  the  Shore  Line  I  was 
advanced  to  rodman  in  the  level  party.  Mr.  Green  was  at  that  time 
an  enthusiast  in  his  profession  as  a  Civil  Engineer,  very  energetic 
and  scrupulous  in  the  discharge  of  his  duty  to  the  Hudson  River 
Railroad  Company,  often  saying  'We  are  bound  to  give  the  Com- 
pany one  hundred  cents  on  a  dollar  for  the  money  we  receive.'  " 

Mr.  Green  was  first  engaged  on  the  location  and  afterwards  in 
charge  of  tunnel  construction  on  the  Baltimore  &  Ohio  R.  R.  when 
it  pioneered  the  march  of  the  railways  across  the  Alleghenys. 

In  1855  he  removed  to  Chicago  and  in  1861  established  Green's 
Dredging  Company  and  made  it  a  success.  It  was  a  success  because 
of  his  capable,  energetic  management,  but  better  than  that  it  w^as  a 
success  because  he  put  his  character  into  his  work.  The  honor  of 
the  man  was  the  pledge  of  the  work  done  not  "with  eye  service" 
but  with  integrity. 

He  was  one  of  the  men  who  in  those  early  days  gave  Chicago  a 
start,  the  momentum  of  which  has  ever  been  accelerating. 

He  built  the  Sturgeon  Bay  Canal  and  the  Canal  between  Petoskey 
and  Cheboygan  in  Northern  Michigan. 

In  1855  Mr.  Green  married  Emily  Louise  Pomeroy  who  survives 
him,  together  with  three  children ;  Mary  Pomeroy,  Andrew  Hugh 
Green  and  Mrs.  Wyllys  W.  Baird.  He  was  a  brother  of  the  late 
Andrew  H.  Green,  "Father  of  Greater  New  York." 

The  strong  human  sympathies  which  possessed  Mr.  Green 
prompted  those  good  deeds  which  are  remembered  so  gratefully 

*Richard  Price  Morpan. 
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by  many  humble  recipients.  The  Editor  of  one  of  our  great  city 
papers  said  to  one  of  us  when  talking  of  the  subject  of  this  memoir, 
"he  not  only  gave  his  money  but  he  gave  himself ;  he  would  visit 
those  who  were  in  trouble  and  'hearten  them  up'  with  his  kindly 
sympathy.  The  Passavant  Memorial  Hospital  was  an  object  of 
deep  interest  to  him  and  to  it  he  gave  time,  thought,  work  and 
money." 

All  this  is  well  told  in  the  report  of  that  Hospital  for  1906  and  we 
can  from  our  hearts  concur  in  one  of  its  statements,  "We  loved  Mr. 
Green  for  himself." 

As  long  as  we  remember  the  pleasant  things  of  life  we  will  cherish 
the  recollection  of  his  quaint  and  genial  humor  and  his  bright 
sayings.  Old  age  was  gentle  with  him  and  he  passed  into  the 
beyond,  in  blessed  hope  of  immortality  on  December  30,  1906.  The 
Western  Society  of  luigineers  may  well  be  proud  to  remember  that 
O.  B.  Green  was  one  of  its  Charter  ^Members. 

('Signed) 

IsiiAM  Raxdolpii, 
Fred  Davis, 

G.    A.    M.    LiLJEXCRAXTZ. 

Committee. 


Archibald  !\IacArtiiur. 


Mr.  MacArthur  was  born  at  Mount  Morris.  X.  Y.,  June  15th, 
1834;  he  died  at  Riverside,  111.,  June  ist,  1907.  More  than  fifty 
years  ago  he  began  his  life  work  as  a  Contractor,  with  his  father. 
John  R.  MacArthur.  In  1857.  with  his  brothers  William  and 
James,  he  established  the  firm  of  MacArthur  Brothers,  the  business 
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of  which  extended  over  a  wide  territory  in  the   East,  until    1873, 
when  its  headquarters  were  fixed  in  Chicago. 

During  the  early  construction  of  the  Erie  Canal,  the  ]\IacArthur 
Brothers  .were  almost  constantly  engaged  upon  that  work.  That 
this  work  was  faithfully  done  is  evidenced  by  its  uninterrupted  use 
until  this  day. 

East,  West.  North  and  South  are  railroads,  canals,  great  bridges, 
dams,  tunnels  and  other  works  of  great  magnitude,  enduring  monu- 
ments of  the  perseverance,  energy  and  ability  of  these  men. 

In  his  long  experience,  during  which  the  methods  of  his  profes- 
sion have  been  revolutionized  2^1  r.  [Mac Arthur  kept  abreast  and 
often  in  advance  of  his  fellows.  He  was  quick  to  discern  and 
prompt  to  avail  himself  of  new  ways  and  means  of  facilitating  and 
improving  his  work.  He  gave  careful  consideration  to  details,  and 
was  seldom  wrong  in  his  estimate  of  men  and  things.  He  has  been 
fittingly  designated  as  the  dean  of  the  contracting  profession. 

He  became  a  member  of  the  Western  Society  of  Engineers 
November  7th,  1894,  and  always  maintained  his  interest  in  what- 
ever would  tend  to  its  advancement  and  welfare.  His  love  of  jus- 
tice, his  kindly  disposition,  his  regard  for  the  rights  and  feelings  of 
others  and  his  generosity  won  for  him  the  friendship  and  respect 
of  all  with  whom  he  came  in  contact  and  endeared  him  to  his  inti- 
mate associates. 

Through  more  than  a  half  century  of  constant  and  conspicuous 
achievements  in  a  profession  abounding  in  unusual  temptations  to 
dishonest  conduct,  not  the  shadow  of  a  suspicion  of  wrongdoing 
ever  dimmed  the  lustre  of  his  spotless  integrity. 

"An  honest  man  is  the  noblest  work  of  God." 

(Signed)  H'm.  Sony  Smith, 

David    Sloan, 

Committee. 


PROCEEDINGS  OF  THE  SOCIETY. 

MIXUTES  OF  EXTRA  MEETJXG,  June  26th,  1907- 
An  extra  meeting  (No.  608)  was  held  Wednesday  evening.  June  26th, 
1907.  The  meeting  was  called  to  order  about  8:15  p.  m.  with  President 
W.  L.  Abbott  in  the  Chair  and  about  85  members  and  guests  present.  There 
was  no  business  to  bring  before  the  meeting,  so  the  speaker.  Past-Pre?ident 
Isliam  Randolph,  Chief  Engineer  of  the  Sanitary  District,  was  introduced  by 
the  Chairman,  who  addressed  the  meeting  on  "The  Work  of  the  Sanitary  Dis- 
trict south  of  the  Controlling  Works  at  Lockport ;  what  had  been  done  and 
what  was  in  contemplation."  The  address  was  illustrated  with  muny  stereop- 
ticon  views,  relating  particularly  to  details  of  construction  of  the  Hydro- 
FJcctric    Power   Development   between   Lockport   and   Jol'et. 

Discussion    followed    from    -Messrs.    Abbatt,    Ashley,     Monroe,     Roper, 
Symons.  Lee  and  Warder. 

The  meeting  adjourned  about   10:15  p.  m. 

J.  TT.  W.VRDF.R,  Secretary. 


BOOK  REVIEWS. 

Water  Works  Management  and  Maintenance:  By  Wiiifred  D.  Hubbard, 
Asso.  M.  Am.  Soc.  C.  E.,  and  Wynkoop  Kiersted,  M.  Am.  Soc.  C.  E., 
8vo.,  429  pag.es,  114  figures,  18  plates,  cloth,  $4.00,  John  Wiley  &  Sons, 
New  York,  X.  Y.     1907. 

The  time  once  was,  when  farmers  pursued  the  cropping  of  their  lands 
year  after  year  without  acquiring  much  if  any  knowledge  of  the  ability  of 
the  soil  to  produce  a  satisfactory  crop  of  any  particular  cereal  or  vegetable 
other  than  such  knowledge  as  might  be  acquired  in  consequence  of  occasional 
or  repeated  failures.  They  were  students  of  nothing  in  particular.  Times 
are  changing  and  the  most  successful  husbandmen  of  today  must  be  and 
are  fast  becoming  students  of  agriculture,  for  our  progressive  times  demand 
it,  if  successful  attainments  are  arrived  at.  So  is  it  with  the  managing  and 
maintenance  of  Public  Utility  Plants.  The  manager  of  such  Plants  must 
now  be  something  more  than  what  heretofore  has  been  regarded  as  merely  a 
"good  business  man."  The  good  business  man  of  today  must  be  possessed . 
of  some  technical  knowledge  of  the  utility  he  expects  to  maintain  and 
operate  if  he  would  succeed  financialh'  or  satisfy  his  constituency  or  patrons. 
His  chief  assistants  should  also  be  students  as  much  if  not  more  than  the 
manager.  Hubbard  &  Kiersted's  "Water  Works  Management  and  Mainte- 
nance," just  published,  will  answer  the  increasing  needs  of  water  works' 
owners,  managers  and  superintendents  everywhere.  It  is  essentially  a  work 
suited  to  the  uses  of  the  practitioner  more  than  to  the  uses  of  the  designing 
expert.  It  begins  at  the  basis  of  the  service  and  gives  an  able  discussion  of 
the  various  subjects  with  which  the  "man  at  the  wheel"  has  to  deal,  yet  the 
subjects  are  so  condensed  and  plainly  dealt  with  as  to  be  of  practical  every- 
day use.  Ver>'  practical  information  is  given  regarding  ground  and  river 
waters  and  their  biological  and  chemical  constituents  together  with  methods 
for  collection,  determination  and  purification  and  in  such  a  form  as  to  be 
readily  understood  by  the  ordinary  student  of  Water  Works  Plants  and 
their  operation.  By  reason  of  the  knowledge  to  be  gained  by  familiarizing 
ones  self  with  the  contents  of  this  book,  the  value  of  their  services  as  such 
manager  or  assistant  cannot  fail  to  be  enhanced.  What  a  pumping  engine 
should  be  and  the  duty  it  should  be  able  to  perform  is  quite  clearly  given 
together  with  a  few  simple  formulae  that  will  enable  the  Superintendent  of 
Works  to  determine  whether  his  pump  is  doing  its  full  or  best  duty  and  if 
doing  it  economically  or  not.  That  the  location  of  water  mains  and  services 
may  not  be  lost,  a  scheme  for  intelligently  recovering  all  constructional 
work  is  outlined  together  with  a  review  of  the  various  designs  of  Hydrants. 
Valves  and  Boxes. 

The  forms  of  service  connections  and  water  cocks  used  in  connection; 
water  meters,  their  emplacement  and  care  and  the  alteration  of  appurtenances 
and  many  other  points  of  lesser  detail  all  receive  due  consideration  in  this 
volume  and  the  suggestions  rendered  regarding  their  character,  suitableness 
and  emplacement  are  valuable. 

One  of  the  most  serious  needs  in  water  works  management  is  that  of 
producing  a  steady  maintenance  of  quality  as  well  as  suppressing  needless 
waste.  This  subject  has  been  given  sufficient  attention  to  enable  managers 
oftentimes  to  prevent  contamination  by  the  adoption  of  simple  means  and 
to  detect  and  prevent  such  useless  waste.  We.  however,  must  criticize  the 
work  because  of  the  absence  of  a  more  complete  and  comprehensive  table  of 
cities,  their  population  and  their  water  consumption.  One  cannot  prove  the 
averaged   quantity   consumed  by   depending  on   the  experience  nf  any  single 
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city  of  a  stated  population.  A  dozen  or  more  cities  of  any  certain  population 
would  more  certain!}^  give  a  basis  for  quantity  of  water  consumed  per 
capita  per  diem  than  can  be  arrived  at  b}'  the  recital  of  the  experience  of  a 
single  city  of  its  particular  class. 

One  cannot  read  or  studj'  the  chapter  on  Electrolysis  without  getting  a 
pracical  idea  of  what  is  necessary  to  prevent  it.  Part  3  on  Franchise,  Water 
Rates  and  Depreciation  will  be  found  of  much  value  to  the  owner  and  also 
to  the   municipalit}'  in  the  event  of  franchise  terminations  or  sale. 

As  a  whole,  the  volume  is  intended  for  the  practical  everyday  use  of  the 
active  manager,  superintendent,  repairman  or  engineer  of  a  water  works 
plant  and  the  library  of  any  water  works  official  or  operator  will  be  incom- 
plete without  this  useful  help.  The  volume  will  also  be  of  considerable  and 
practical  use,  to  the  amateur  designing  engineer  and  valuable  as  a  ready 
reference  to  all  subjects  comprised  in  the  treatise.  We  opine  that  this  work 
will  find  a  distinct  place  among  the  needs  of  successful  water  works'  man- 
agers or  assistants.  B.  J.  A. 

Allowable  Pressures  ox  Deep  Foundations  :    Elmer  L.  Corthell,  M.  W.  S. 

E.,  i2mo.,  98  pages,  8  folding  tables.     Cloth,  $1.25.     John  Wiley  &  Sons, 

New  York,  X.  Y.     1907. 

Mr.  Corthell  has  done  a  peculiar  and  useful  piece  of  work.  Finding  him- 
self called  upon  to  give  an  opinion  upon  the  allowable  pressures  on  founda- 
tion materials  of  an  important  structure,  and  that  his  own  experience  a?  well 
as  that  of  others  obtainable  at  that  time,  either  in  books  or  reports,  was  not 
sufficient  to  give  all  the  information  necessary  on  which  to  base  an  opinion, 
in  1902  he  inaugurated  an  investigation  upon  the  safety  of  foundations,  for 
the  benefit  of  the  profession.  Failing  to  find  some  young  engineer  who 
would,  out  of  love  for  his  profession,  assist  him  in  this  work,  he  decided  to 
employ  an  expert  at  his  own  expense  and  selected  Mr.  Charles  R.  Wychoflf, 
Jr.,  then  assistant  to   Prof.   Burr  of  Columbia  University. 

A  circular  letter  was  issued  December  5,  1902,  and  sent  to  about  300 
engineers  in  various  countries,  with  a  blank  form  covering  21  inquiries.  To 
this  the  answers  were  disappointing,  not  one-tenth  of  the  addressed  sending 
back  useful  data.  These  were  supplemented  by  Mr.  WychofT  through  a  study 
of  published  data  to  be  found  in  periodicals  and  professional  papers  to 
Engineering  organizations,  as  well  as  by  correspondence. 

The  result  has  been  the  compilation  of  8  tables  containing  data  more  or 
less  complete,  in  reference  to  178  works,  which  maj'  be  summarized  as 
follows : 

PRESSURE  ox   STRUCTITRES.      NET  TONS   PER  SQUARE  FOOT. 

Materia^                       Minimum  Maximum  Average  Remarks 

Fine    Sand    2.25  5.80  4.50  10  cases,  no  settlement 

Coarse  Sand   and  Gravel  2.40  7.75  S-io  33  "        "        " 

Sand   and   Clay    2.50  8.50  4.90  10  " 

Alluvium  and   Silt    1.50  6.20  2.90  7  " 

Hard    Clay    2.00  8.00  5.08  16  " 

Hard    Pan    3.00  12.00  8.70  5  " 

Fine    Sand     1.80  7.00  5.20  3  "    notable" 

Sand   and   Clay    1.60  7.40  3.30  3  " 

Alluvium   and   Silt    1.60  7.60  4.60  2  " 

Hard    Clay 4-50  5-6o  5.20  5  " 

This  table  (tabulated  by  reviewer)  illustrates  once  more  that  no  hard  and 
fast  rule  can  be  predicated  upon  the  name  which  is  offered  to  each  material 
and  that  the  engineer  must  discriminate  for  himself.  For  instance,  "fine 
sand,"  loaded  from  2.25  to  5.80  tons  per  square  foot  shows  no  settlement  in 
ID  cases,  but  other  fine  sands  loaded  with  1.80  to  7.00  tons  per  square  foot 
show  a  notable  settlement  in  3  cases. 

The  unsatisfactory  feature  in  the  investigation  is  that   reports  were  only 
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obtained  of  13  failures  to  carry  the  weights  imposed.  Alen  do  not  like  to 
tell  of  their  failures,  but  as  the  author  writes,  a  discussion  of  his  paper  is  to 
be  hoped  for  and  that  further  data  will  be  contributed  by  engineers  concern- 
ing failures  and  the  circumstances  pertaining  to  them,  so  as  to  present  as 
large  an  array  of  facts  as  possible. 

The  reader  should  be  cautioned  that  sonic  misprints  will  be  found  in  the 
book.  O.  C. 

Problems  of  the  Panama   Canal:    By   Brig.-Gen.   Henry  L.  Abbot,  U.  S. 

Army,  Retired.    Member  U.  S.  Board  Consulting  Engineers.     Cloth,  6  by 

8y2   ins.,  pp.   269,   including  index,    with   illustrations.     Many   tables   and 

diagrams.     Xew   York.     1907.     The   ^lacmillan   Co.     Price,  $_'.oo  net. 

This  book  by  Gen.  Abbot,  originally  published  in  1905,  has  now  been 
revised  and  brought  down  to  date.  All  of  the  latest  climatic  and  hydraulic 
data  and  the  latest  plans  for  the  canal  are  included  in  the  book  and  thor- 
oughly discussed.  For  a  period  of  seven  years,  the  author  was  actively  con- 
nected with  the  canal  project,  first  as  member  of  the  Technical  Committee 
of  the  Xew  French  Company,  and  later  as  member  of  the  U.  S.  Board  of 
Consulting  Engineers.  He  is  therefore  in  a  position  to  write  authoritatively 
on  his  subject.  The  difficulties  involved  in  building  and  operating  the  canal 
may  be  roughly  grouped   for  convenience  into   the  two  following  problems : 

The  Cut  through  the  Continental  Divide. 

The  Control  of  the  Chagres  River  and  its  affluents,  including  as  it  does, 
the  location  and  type  of  the  great  dam  for  impounding  the  waters  of  this 
river. 

Closel}-  associated  with  both  of  these  problems  is  the  question  of  summit 
level  of  the  canal,  involving  the  number,  location  and  lift  of  the  locks. 

Formerly  a  serious  problem,  was  the  question  as  to  a  canal  at  sea  level 
or  a  lock  canal.  With  the  decision  of  the  U.  S.  Government  to  build  a  lock 
canal,  the  visionary  scheme  of  a  canal  at  sea  level  was  happily  laid  at  rest. 
The  cut  through  the  Continental  Divide  is  a  tremendous  undertaking,  but 
it  is  a  problem  of  construction  only.  Once  done,  it  may  be  considered  as 
permanently  disposed  of.  A  considerable  part  of  this  excavation  was  done 
by  the  Frendi  Company  and  great  progress  has  been  made  since  the  transfer 
of  the  canal  to  the  U.  S.  Government. 

Probably  the  most  serious  question  of  all  is  the  Chagres  River.  The 
operation  of  the  canal  must  always  be  intimately  associated  with  the  control 
of  this  river.  The  control  of  excessive  floods  during  the  rainy  season,  an'd 
the  storage  of  water  for  use  in  lockage  during  the  dry  season  furnish 
problems  for  which  various  solutions  have  been  proposed.  The  variation  in 
flow  can  be  best  understood  from  the  statement  that  the  ma.ximum  discharge 
at  Eohio,  during  the  great  flood  of  December,  1906,  was  108.000  cubic  feet 
per  second,  while  the  discharge  often  falls  as  low  as  500  cubic  feet  per  second 
during  the  dry  season.  The  author  is  a  firm  adherent  of  the  dual  lake  plan, 
proposed  by  the  French  Company.  This  contemplated  a  dam  at  Bohio  for 
forming  the  main  lake,  and  a  second  dam  at  Alhajuela,  ten  miles  from  the 
line  of  the  canal,  for  catching  the  flood  waters  of  the  Chagres  and  holding  in 
reserve  for  use  during  the  dry  season.  The  plan  adopted  by  the  U.  S. 
Government  provides  for  a  single  lake,  with  a  summit  level  23  feet  higher 
than  that  proposed  by  the  French  Company,  and  a  dam  at  Gatun.  These 
two  plans  are  thoroughly  discussed  by  the  Author.  It  is  clear  that  the  dual 
lake  plan  was  a  good  one.  perhaps  the  licst  solution  of  the  question,  and  the 
reader  is  apt  to  believe  tint  a  mistake  was  made  in  abandoning  it.  The  dam 
proposed  at  Gatun,  is  of  enormous  dimensions,  the  base  being  practically  half 
a  mile  wide.  A  number  of  interesting  plans  have  been  proposed  for  a  dam 
across  the  Chagres  valley,  that  of  the  late  Geo.  S.  Morison  for  a  dam  at 
Bohio  may  be  mentioned  as  the  most  striking.  This  consisted  of  two  rock- 
fill  dams,  approximately  half  a  mile  apart,  with  the  space  between  them  filUd 
with   earth.     A   serious  problem   with  a   dam  at  any  point   in  the   lower  er.'l 
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of   the  valley  is   the  prevention  of  percolation  through   the  permeable  mate- 
rial lying  far  below  the  surface  of  the  ground. 

One  chapter  of  the  book  is  devoted  to  a  somewhat  detailed  discussion 
of  the  two  routes,  Nicaragua  and  Panama.  The  old  controversy  between 
the  advocates  of  these  routes  is  now  fortunately  a  thing  of  the  past,  but 
the  discussion  is  interesting  in  both  a  historical  and  technical  way.  In  read- 
ing the  book,  one  is  impressed  with  the  vast  amount  of  valuable  data  that 
has  been  collected,  bearing  on  the  problems  of  the  canal.  J.  E.  M. 

Tin  Deposits  of  the  World,  with  a  Chapter  on  Tin  Smelting  :  By  Sydney 
Fawns,  F.  G.  S.  The  Mining  Journal,  London,  1907.  Full  cloth ;  304 
pages ;  6  by  Sy^  ins.,  with  many  illustrations,  tables^  index  and  bibliog- 
raphy. This  is  a  second  edition  of  the  work  published  in  1905,  and 
reviewed  in  the  Journal,  Vol.  XI,  page  129,  but  the  book  has  been  con- 
siderably enlarged  and  has  a  greater  number  of  illustrations.  Price, 
15  shillings. 

Chapters  I  and  II  give  the  early  history  of  tin  mining  and  descriptions 
of  tin  deposits.  Chapters  III  and  IV  describe  the  alluvial  tin  deposits  of  the 
Malay  Peninsula,  Straits  Settlements,  British  Burma  and  French  Indo- 
China.  Chapter  V  describes  alluvial  tin  mining,  generally  by  hydraulicing, 
Chapters  VI  to  XIV  inclusive  describe  the  tin  deposits  at  various  tin  mining 
centers  over  the  world,  some  of  which  are  but  of  minor  importance,  but 
others  of  great  value.  Chapters  XV  and  XVI  describe  more  in  detail  the 
noted  tin  mines  of  Mount  Bischofif  in  Tasmania  and  of  Dolcoath  in  Corn- 
wall, the  latter  of  which  is  the  largest  tin  producer  in  England  and  was 
worked  successfully  160  years  ago.  Chapter  XVII  describes  crushing  and 
dressing:  machinery,  while  Chapter  XVIII  treats  of  dredging  for  tin,  with 
descriptions  of  machinery,  dredges,  etc.,  and  operations.  Methods  of  tin 
assaying  are  given  in  Chapter  XIX,  and  of  tin  smelting  in  Chapter  XXI. 
Statistics  forms  the  subject  of  Chapter  XX. 

Considering  the  limited  amount  of  literature  on  this  subject,  the  book 
should  be  of  value  to  mining  engineers  and  others  interested  in  the  matter. 
The  operation  of  mining  by  hydraulic  process  with  jets  of  water  under  con- 
siderable pressure  is  of  value  to  mining  engineers,  in  other  lines  than  that 
of  tin.  W. 

Punches,  Dies  and  Tools  for  Manufacturing  in  Presses:  By  Joseph  V. 
Woodworth,  M.  E.  467  pp.,  including  an  index  and  with  more  than  700 
illustrations.  Cloth,  6  by  9  ins.  Price,  $4.00.  Published  by  X^orman  W. 
Henley  Pub.  Co.,  New  York.     1907. 

This  is  a  valuable  addition  to  the  literature  on  this  subject.  The  author 
has  taken  up  the  work  in  sections  treating  first  the  simple  bending  processes, 
then  blanking,  forming  and  combination  dies,  feed  mechanisms  for  automatic 
production,  drawing  dies  and  various  manufacturing  processes,  as  developed 
by  users  of  the  punch  press.  There  are  also  many  useful  suggestions  in 
regard  to  the  design  and  construction  of  dies  and  attachments  for  producing 
stampings   rapidly  and  accurately. 

The  text  is  illustrated  by  examples  of  work  and  tools  that  have  been 
designed  to  produce  this  class  of  work  in  a  satisfactory  manner. 

The  rapid  advance  this  method  of  manufacture  has  made  in  recent  years 
is  seen  on  all  sides.  The  ingenuity  shown  in  the  construction  of  many  of 
this  class  of  tools  is  a  surprise  to  those  not  in  touch  with  this  particular 
method  of  production.  These  processes  have  been  developed  to  such  an 
extent  in  late  j'ears  that  no  man  working  alone  can  hope  to  be  personally 
familiar  with  the  large  field  of  application  for  this  method  of  production. 

This  work,  is,  as  it  claims,  a  cyclopedia  of  methods  and  processes  that 
may  be  used  as  reference  shownng  a  wide  range  of  work  and  suggestions  to 
the  designer  or  mechanic,  as  to  ways  of  doing  a  large  variety  of  work  of 
similar  character.  It  is  devoid  of  any  troublesome  technical  discussions  or 
formidable  mathematics  and  should  appeal  very  strongly  to  the  practical 
mechanician,   interested  in   this  line  of  work.  T 
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Tools  for   Machinists    and  Wcodworkers  :    By  Joseph   HoriK-r,  author  of 

"Pattern   Making"  and  otlicr  kindred  shop  subjects.     ^33  pp.  with  index; 

456   iUustrations.     Cloth   bound.   SV2   by  8  ins.     Price,  $3.50.     Published 

by  Xorman  \V.  Henley  Pub.  Co.,  New  York. 

A  careful  reading  of  this  work  will  impress  the  reader  with  its  decided 
"practicalness," — a  work,  the  perusal  of  which  will  be  of  permanent  benefit 
to   the   rnginecr,   machinist   or   woodworker. 

Chapter  XIX.  treating  of  "Standards  of  Measurement,"  is  a  very  prac- 
tical and  interesting  one.  It  gives  to  the  student  an  emphatic  impression 
of  the  intimate  relation  that  standardization  should  maintain  with  the  manu- 
facture of  any  useful  article  or  machine. 

There  are  some  discussions,  influenced,  no  doubt,  by  local  conditions  in 
foreign  practice  which  do  not  accord  with  the  most  approved  American  prac- 
tice. For  example,  the  position  of  the  cutting  tool  with  respect  to  the  axis 
of  the  work,  or  the  use  of  tools  suitable  for  cast  iron  or  steel  on  brass  or 
gun  metal.     The  chapter  on  Tool  Angles  is  worthy  of  special  mention. 

The  book  is  well  gotten  up,  and  very  well  illustrated.  It  is  to  be 
commended    to    students    in    the    manual    training   and    engineering    schools. 

T. 
MoDERX    Steam    Engineering:     By    Gardner    D.    Hiscox,    M.    E.      Includes 

section    on    Electrical    Engineering,    by    Newton    Harrison,    E.    E.      Well 

illustrated.      6]/>    by   gyi    ins.,    cloth,    476   pp.    with    index.      Price,    $3.00. 

Published  by  X^orman  W.  Henley  Pub.  Co.,  X'ew  York. 

A  careful  perusal  of  this  book  impresses  one  with  the  care  that  the 
author  has  used  in  fulfilling  his  purpose,  as  outlined  in  the  preface,  to  "meet 
the  wants  of  the  student  and  engineer  in  all  the  practical  requirements"  per- 
taining to  the  application  of  steam  power. 

The  discussions  pertaining  to  design  or  performance  are  devoid  of  any 
"formidable"  mathmatics  and  well  within  the  range  of  usefulness  for  those 
with  only  a  good  training  in  arithmetic. 

The  sections  giving  many  questions  pertaining  to  plant  operation,  with 
answers,  will  appeal  to  the  practical  man  in  trouble  or  the  student  seeking 
an  engineer's  license. 

The  tables  contained  are  such  as  may  be  found  in  most  hand  books  and 
catalogs,  but  some  care  has  been  exercised  in  choosing  the  most  important 
ones  for  this   work. 

The  electrical  section  presupposes  some  considerable  knowledge  of  elec- 
tricity and  magneiism.  and  dynamo  electric  machinery  but  is  presented  in  a 
clear  and  simple  manner. 

The  book  might  be  adversely  criticised  for  the  lack  of  logical  grouping 
of  the  subject  matter  into  chapters  and  for  the  failure  to  point  out  the 
approved  practice  where  a  number  of  authorities  are  cited  with  differing 
opinions  pertaining  to  certain  subjects,  such  as  the  design  of  machinery 
details. 

The  author  is  to  be  commended  for  the  careful  attention  given  to  the 
flow  of  steam  through  orifices,  nozzles,  etc..  superheated  steam,  and  the 
steam  turbine;  subjects  which  are  of  such  vital  importance  to  present  day 
practice.  J-  C.  T. 

A  Te-XT-Book  of  Electro-Chemlstry  :  By  Professor  Max  LcBlanc.  Uni- 
versity of  Leipzig.  Translated  from  the  Fourth  Enlarged  German  Edi- 
tion by  Willis  R.  Whitney,  Ph.D..  Director  of  the  Research  Laboratory 
of  the  General  Electric  Co.,  and  John  W.  Brown,  Ph.D..  Director  of  the 
Research  and  Battery  Laboratory  of  the  X'ational  Carbon  Co.  Cloth.  338 
pp. ;  illustrated.  Price,  $2.60.  The  Macmillan  Co.,  New  York.  1907. 
It  is  particularly  satisfactory  to  note  the  appearance  of  a  good  English 
translation,  so  nearly  simultaneously  with  that  of  the  Fourth  German  Edi- 
tion of  this  excellent  text  book. 

While  it  will  be  necessarv  for  the  Engineer,  not  well  groundeij  in  Chem- 
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istry,  to  stud)'  the  text  carefully,  for  full  comprehension,  the  matter  is  so 
well  and  methodically  arranged  that  for  one  at  all  prepared  to  take  up  the 
subject,  the  work  is  unusually  clear. 

The  fact  tliat  both  the  translators  are  engaged  in  research  connected  with 
prominent  industrial  establishments,  no  doubt,  accounts  in  a  large  measure, 
for  the  very  practical  presentation  of  the  work. 

Chapter  I  deals  with  the  forms  of  Energy  and  their  measurement,  and 
the   fundamental  principles   relating  to   Electrical  Energy. 

Chapter  II  includes  Electro-Chemistry  historically  considered,  bringing 
it  up  to  the  present  time. 

Chapter  III  explains  the  theory  of  Electrolytic  dissociation,  which  is  fol- 
lowed by  a  discussion  of  the  migration  of  the  Ions. 

In  its  practical  bearing,  perhaps,  there  is  no  more  important  part  of  the 
work  than  Chapter  V,  treating  of  the  Conductance  of  the  Electrolytes. 

Electrical  Endosmose,  the  Migration  of  Suspended  Particles  and  of  Col- 
loids, forms  a  brief  but  important  subject  of  Chapter  VI. 

Electromotive  Force  is  comprehensively  dealt  with  in  Chapter  VII,  fol- 
lowed by  a  chapter  on  Electrolysis  and  Polarization. 

A  supplement,  on  Storage  Cells  is  included  in  Chapter  IX,  and  the  book 
closes  with  a  full  explanation  of  the  notation  consistently  used  by  Messrs. 
Whitney  &  Brown  throughout  the  book.  The  index  is  fair.  The  work  can 
be   unhesitatingly   recommended  as   reliable,  practical  and  readable. 

W.  H. 
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THE  PRESENT  STATUS  OF  THE  PRODUCER-GAS  POWER  PLANT 
IN  THE  UNITED  STATES 
By  Robert  Heywood  Fernald,* 
Presented  May  i,  iQoy. 

INTRODUCTORY. 

Recent  developments  point  very  positively  to  two  factors  of 
great  importance  in  the  economical  production  of  power  for  man- 
ufacturing  and   transportation   purposes. 

These  two  factors  are  the  replacing  to  a  marked  extent  of  the 
steam  boiler  and  steam  engine  by  producer-gas  plants  with  their 
accompanying  internal  combustion  engines ;  and  the  centralization 
of  power  development  and  distribution. 

So  important  is  this  economic  production  of  power  that  the 
United  States  Government  has  taken  an  active  interest  in  investi- 
gations of  this  problem.  Within  the  past  three  years  over  $500,- 
000  has  been  appropriated  by  Congress  for  carrying  on  the  work 
of  the  United  States  Geological  Survey  Fuel  Testing  Plant,  and  at 
the  last  session  of  Congress  an  additional  $250,000  was  appropriat- 
ed for  the  continuation  of  these  fuel  investigations  during  the  fis- 
.cal  year  beginning  July  i,  1907. 

The  work  undertaken  by  this  testing  plant  which  includes  be- 
sides the  fuel  testing  department,  a  special  department  with  its 
experts  and  funds  for  the  testing  of  structural  materials,  has 
proved  of  such  significance  that  President  Roosevelt  has  taken  an 
active  hand  in  the  formation  of  a  national  Advisory  Board  on 
Fuels  and  Structural  Materials.  This  Board  consists  of  repre- 
sentatives of  the  following  organizations :  American  Institute  of 
Mining  Engineers,  American  Institute  of  Electrical  Engineers, 
American  Society  of  Civil  Engineers,  American  Society  of  Me- 
chanical Engineers,  American  Society  for  Testing  Materials, 
American  Institute  of  Architects,  American  Railway  Engineering 
and  Maintenance  of  Way"* Association,  American  Railway  Master 
Mechanics"  Association,  American  Foundrymen's  Association,  As- 
sociation of  American  Portland  Cement  Manufacturers,  Geologi- 
cal Society  of  America,  Iron  and  Steel  Institute,  National  Asso- 
ciation of  Cement  Users,   National   Board  of  Fire  Underwriters, 

"   *  Professor  of  Mechanical  Engineering,  Washington  University,  St.  Louis, 
Mo.,  and  Engineer  in  Charge  of  Producer  Gas  Tests  of  the  United  States 
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552  Fernald — Producer-Gas  Power  Plant. 

National  Brick  Manufacturers'  Association,  National  Fire  Pro- 
tection Association,  National  Lumber  Manufacturers'  Association, 
Corps  of  Engineers  United  States  Army,  Isthmian  Canal  Commis- 
sion, Bureau  of  Yards  and  Docks  United  States  Navy,  Supervis- 
ing Architect's  Office  United  States  Treasury  Department,  and  the 
Reclamation  Service  United  States  Interior  Department. 

The  very  intimate  relation  between  this  Government  Fuel  Test- 
ing Plant  and  many  of  the  problems  that  concern  the  development 
of  the  gas  producer  and  the  producer-gas  engine  will  be  brought 
out  later  in  this  paper  in  more  or  less  detail. 

All  data  presented  at  this  time  and  the  general  discussion  of  pro- 
ducer problems  relate  to  the  gas  producer  for  power  purposes 
only. 

RAPID  DEVELOPMENT  OF  THE  GAS   ENGINE. 

It  was  during  the  latter  part  of  the  nineteenth  century  that  the 
gas  engine  found  its  way  on  to  the  market,  and,  although  many 
types  have  been  produced  in  the  past  twenty  or  thirty  years,  it  is 
only  within  the  past  five  or  six  years  that  the  development  of  large 
engines  has  been  noted.  This  development  started  in  Germany, 
Belgium,  and  England  some  eight  or  ten  years  ago,  but  marked 
progress  has  been  limited  to  the  past  half-dozen  years. 

For  many  years  the  natural  fuel  of  these  internal  combustion  en- 
gines was  city  gas,  but  even  this  was  too  expensive  except  for  en- 
gines of  small  capacity.  It  was  seldom  found  feasible  to  operate 
engines  of  more  than  seventy-five  horse  power  on  this  fuel. 

Cheap  gas  was  essential  for  the  development  of  the  gas  engine, 
but  the  early  attempts  in  this  direction  were  somewhat  discourag- 
ing, and  for  a  time  the  probabilities  of  encroaching  to  any  extent 
upon  the  field  occupied  by  the  steam  engine  was  very  remote. 

The  theoretical  possibilities  of  the  internal  combustion  engine 
operated  upon  cheap  fuel  promised  so  much  that  the  practical  diffi- 
culties were  rapidly  overcome  with  the  result  that  steam  boilers  and 
engines  in  many  plants  were  replaced  by  gas  engines,  and  at  the 
present  time  the  internal  combustion  engine  is  rapidly  becoming  a 
serious  rival  of  the  steam  engine  in  many  of  its  applications. 

The  development  of  the  gas  engine  in  point  of  size  has  been  ex- 
ceedingly rapid.  It  was  only  seven  years  ago  that  a  6oo-horse- 
power  engine  exhibited  at  the  Paris  Exposition  was  regarded  as 
a  wonder,  but  today  four-cycle,  twin-tandem,  double-acting  en- 
gines run  as  high  as  6,000  horse  power. 

DEVELOPMENT  OF  THE  GA3^PR0DUCER. 

This  rapid  advance  of  the  large  gas  engine  has  been  made  pos- 
sible by  the  great  strides  that  have  been  made  in  the  production  of 
cheap  gas  'directly  from  fuel  through  the  aid  of  the  gas-producer. 
The  early  form  of  producer  first  introduced  in  Europe,  and  one  that 
is  in  very  general  use  today  both  abroad  and  in  the  United  States,  is 
known  as  the  suction  producer,  named  from  the  fact  that  the  en- 
gine develops  its  charge  of  gas  in  the  producer  by  means  of  its  own 
suction  stroke.     Although  this  type  of  producer  is  used  very  ex- 
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Typical   Murizoiital   Dnulile  Aciiiij^  Gas   lingine  as  Aianufacuu  cJ  by   ilu- 
^^'esti^g•house  Machine  Company. 


Typical  Suction  Gas  Produ.      ,   Wile  Pmvcr  Gas   Company. 
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tensively,  its  use  is  confined  to  small  installations,  usually  not  ex- 
ceeding 150  horse  power.  As  far  as  known  the  first  suction  pro- 
ducer operated  in  the  United  States  was  installed  in  ATilford,  New 
Hampshire,  in  1^03,  although  other  types  of  producers  were  tried 
in  this  country  as  early  as  1896.  A  serious  limitation  to  this  type 
of  producer  l^as  been  the  fact  that!  owing  to  the  manner  of  generat- 
ing the  gas,  no  tarry  fuels  could  be  used,  thus  barring  bituminous 
coals,  lignites,  peats,  etc.  The  fuels  in'  most  common  use  for  suc- 
tion producers  are  charcoal,  coke,  and  anthracite  coal,  although  at- 
tempts are  being  made  to  so  construct  suction  plants  that  they  can 
be  operated  on  the  bituminous,  or  tarry,  coals. 

In  order  to  meet  the  demand  for  the  concentration  of  power  in 
large  units,  instead  of  operating  a  large  number  of  engines  of  small 
power  capacity,  the  pressure  producer  came  into  existence.  This" 
producer  develops  its  gas  under  a  slight  pressure  due  to  the  intro- 
duction of  an  air  and  steam  blast,  and  the  gas  is  stored  in  a  holder 
until  such  time  as  demanded  by  the  engine.  Owing  to  the  fact  that 
the  gas  may  be  stored  in  a  tank  before  passing  to  the  engine,  and 
also  since  the  gas  is  produced  under  pressure  and  dDes  not  depend 
on  the  suction  of  the  engine  for  its  generation,  it  is  possible 
to  introduce  the  necessary  machinery  for  the  removal  of  tar  and 
other  impurities  from  the  gas  thus  opening  the  way  to  the  use  of 
bituminous  coals  and  lignites.  Following  closely  upon  the  pres- 
sure plant?  came  the  down-draft  producers  which  fix  the  tar  as  a 


Fig.  3- 
Typical    Operating   Floor   of   Down    Draft    Producer   Installation  as 
Manufactured  by  the  Power  &  Mining  Machinery  Company. 
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Pressure   Producer   Plant   Manufactured  by  R.   D.   Wood   &  Co.,  in  use 
at  the  United  States  Geological  Survey  Fuel  Testing  Plant. 


Three  Cylinder  Vertical   Single   Acting  Westinghouse  Gas  Lngine  used  at 
the    United    States    Geological    Survey    Fuel   Testing    Plant. 
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permanciu   .ua>   and   can   therefore  use   the   bituminous    coals   and 
lignites. 

These  pressure  and  down-draft  plants  have  been  in  operation  for 
the  past  few  years,  but  in  most  cases  the  fuel  has  been  anthracite 
coal,  although  occasionally  plants  have  ventured  on  the  use  of  a 
few  well-tried  bituminovis  coals,  known  to  be  especially  free  from 
sulphur  and  low  in  ash  and  in  tar  production.  It  remained  for  the 
United  States  Geological  Survey  in  its  Testing  Plant  at  Saint  Louis 
to  attempt  the  use  of  any  and  all  bituminous  coals,  lignites,  and 
peats,  without  reference  to  the  amount  of  sulphur  or  tarry  matter 
to  be  found  in  the  fuel.  It  is  gratifying  to  note  that  every  coal 
received  has  been  run  through  the  producer  and  that  the  results 
haye  been  more  than  satisfactory. 

TESTS   OF   THE   UNITED  STATES  GEOLOGICAL   SURVEY. 

So  extremely  important  has  this  gas-engine,  gas-producer  prob- 
lem become,  with  its  possibility  of  driving  out  the  steam  engine  in 
many  large  installations,  that  the  Government  made  special  pro- 
vision for  producer-gas  tests  at  its  Coal  Testing  Plant  originally 
installed  in  connection  with  the  Exposition  at  Saint  Louis.  These 
tests  have  resulted  in  furnishing  very  valuable  data  on  the  relative 
consumption  of  coal  per  horse  power  per  hour  when  used  by  the 
steam  plant  and  by  the  gas  plant. 

The  steam  plant  upon  which  the  tests  were  made  consists  of 
two  2io-horse-power  Heine  boilers  which  furnished  steam  for  a 
250-horse-power,  simple,  non-condensing  Corliss  engine.  This 
engine  was  belted  to  a  Bullock  electric  generator. 

The  Producer-Gas  Plant  is  a  Taylor  pressure  gas  producer  fur- 
nished by  R.  D.  Wood  &  Company,  of  Philadelphia.  This  pro- 
ducer designated  as  No.  7,  is  of  250-horse-power  capacity.  To- 
gether with  the  producer  are  the  usual  economizer,  scrubber,  tar 
extractor,  purifier,  and  holder.      (See  Fig.  4.) 

The  Gas  Engine  installed  is  a  three-cylinder,  vertical,  Westing- 
house  gas  engine,  with  cylinders  19-inch  diameter  and  22-inch 
stroke,  rated  at  235  brake  horse  power  on  producer  gas.  ( See 
Fig.  5.)  The  engine  was  belted  to  a  six-pole  175  kilowatt  West- 
inghouse  direct  current  generator.  The  load  on  the  generator  was 
controlled  by,  and  the  ener^^y  developed  dissipated  through,  a  wa- 
ter rheostat  especially  constructed  for  the  purpose. 

Before  discussing  in  detail  the  relative  results  from  the  steam 
and  gas  plants,  some  of  the  most  important  items  connected  with 
the  producer-gas  work  are  presented. 

Since  the  installation  of  this  plant  in  1904  one  hundred  and 
sixty-two  producer-was  tests  Avere  made,  prior  to  moving  the  plant 
to  the  Jamestown  Exposition,  Norfolk,  \'a.,  in  March,  1907.  The 
fuels  used  have  been  bituminous  coals,  li'^nites,  and  peats  from 
twentv-six  different  states,  as  indicated  below  : 
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BITUMIXOL'S    COALS   TESTED: 
No.  from  each 

Alabama    3 

Arkansas     2 

Illinois    29 

Indiana 15 

Indian    TerHtory    2 

Iowa   I 

Kansas     2 

Kentucky    5 

Missouri    i 

New  Mexico   3 

Ohio     10 

Pennsylvania    13 

Tennesee    8 

Utah     I 

Virginia    5 

Washington    i 

West  Virginia  14 

Wyoming    5 

LIGNITES   TESTED : 

Arkansas    i 

California    I 

Colorado I 

Montana    3 

North  Dakota   4 

Texas    4 

Washington    3 

Wyoming    i 


Su.it 


MISCELLANEOUS    FUELS    TESTED: 

No   fiom  eaih  Slate 

Forward — 138 

Argentine    i 

Brazil     .' [ 

California    and    Cinders 2 

Florida    Peat    i 

Massachusetts    Peat    i 

Rhode    Island    Anthracite...  i 

Virginia    Pea  Anthracite....  i 

Coke    Breeze    1 

Miscellaneous  Refuse    i 

Coke     I       II 

DUPLICATE  TESTS. 

Coal : 

Illinois     2 

Indiana    4 

Kansas    1 

Ohio I 

Pennsylvania    2 

Tennessee    i 

West    Virginia    i       12 


Lignites : 

j8       .\orth    Dakota    i     i 

138  Total  tests  made    162 
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In  Table  I  is  presented  a  condensed  summary  of  the  most  im- 
portant items  relating  to  the  coals  and  lignites  tested  in  the  gas- 
producer.  The  figures  are  also  presented  for  Florida  peat,  al- 
though but  one  sample  was  received.  It  should  be  noted  that  all 
items  in  this  table  which  are  affected  by  the  load  factor  are  given 
only  for  loads  ranging  from  90  to  100  per  cent  of  full  load  ,(235 
B.  H.  P.  in  case  of  this  plant).  ,■    i 

In  the  same  manner  Table  II  gives  the  data  derived  from  the 
Illinois  coals  tested.  ' 

The  graphic  chart,  Fig.  6,  shows  several  of  the  results  from  the 

A    brief    description    of    each    cQal.  fol- 
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BRIEF  DESCRIPTIOX    OF   ILLINOIS   COALS. 

(Numbers  correspond  to  those  in  preceding  chart. j 

1.  Illinois  7-A.  Bituminous  coal  from  mine  No.  2,  Lumaghi 
Coal  Co.,  near  Collinsville,  Madison  County,  111.,  on  the  Vandalia 
R.  R.     Size  as  shipped,  slack.     Size  as  used,  not  determined. 

2.  Illinois  ii-C.  Bituminous  coal  from  Daw's  shaft,  St..  Louis 
Big  Muddy  Coal  Co.,  near  Carterville,  Williamson  County,  111., 
on  the  Illinois  Central  R.  R.  This  coal  was  made  up  for  testing 
from  two  washed  samples. 

3.  Illinois  7-C.  Bituminous  coal  from  mine  No.  2,  Lumaghi  Coal 
Co.,  near  Collinsville,  Madison  County,  111.,  on  the  Vandalia  R.  R. 
Size  as  shipped,  slack.     Size  as  used,  not  determined. 

4.  Bituminous  coal  from  the  mine  of  the  Auburn-Alton  Coal 
Co.,  located  at  Auburn,  Sangamon  County,  Illinois,  on  the  Chicago 
&  Alton  R.  R.     Size  as  shipped,  run  of  mine.     Size  as  used,  same. 

5.  Illinois  7-B.  From  same  mine  as  coals  mentioned  in  i,  and 
3.  This  sample  consisted  of  nut  coal  which  had  passed  over  a  i- 
mch  screen. 

6.  Illinois  19-C.  Bituminous  coal  from  mine  of  Ziegler  Coal 
Co.,  Zeigler,  Franklin  County,  111.,  on  the  Illinois  Central  P..  R. 
Size  as  shipped,  run  of  mine. 

7.  Illinois  21.  Bituminous  coal  from  No.  3  mine  of  the  Donk 
Bros.  Coal  &  Coke  Co.,  located  at  Troy,  Madison  County,  111.,  on 
the  St.  Louis,  Troy,  &  Eastern  R.  R.  Size  as  shipped,  lump  over  a 
2^-inch  screen.     Size  as  used,  not  determined. 

8.  Illinois  23-B.  Bituminous  coal  from  mine  No.  i  of  Donk 
Bros.,  Coal  &  Coke  Co.,  located  at  Donkville,  Madison  County, 
111.,  on  the  St.  Louis,  Troy  &  Eastern  R.  R.  Size  as  shipped,  slack 
through  a  2-inch  perforated  screen.     Size  as  used,  slack. 

9.  Illinois  6-B.  Bituminous  coal  from  Coffeen  mine.  Clover 
Leaf  Coal  Co.,  Coffeen,  Montgomery  County,  111.,  on  the  Toledo, 
St.  Louis  &  Western  R.  R.  Size  as  shipped,  run  of  mine.  Size 
as  used,  not  determined. 

10.  Illinois  4.  Bituminous  coal  from  mine  No.  3  of  the  Donk 
Ilros.  Coal  &  Coke  Co.,  Troy,  111.,  on  St.  Louis,  Troy  &  Eastern 
R.  R.  Size  as  shipped,  over  two-inch  screen.  Size  as  used,  not 
determined. 

11.  Illinois  9-B.  Bituminous  coal  from  mine  No.  2,  Mt.  Olive 
&  Staunton  Coal  Co.,  Staunton,  Macoupin  County,  111.,  on  the 
Litchfield  &  Madison  R}-.  Size  as  shipped,  lump.  Size  as  used, 
ifot   determined. 

12.  Illinois  26.  Bituminous  coal  from  the  Lincoln  mine  of 
the  Latham  Coal  Co.,  Lincoln,  Logan  County,  111.,  on  the  Chicago 
&:  Alton  R.  R.     Size  as  shipped,  run  of  mine.     Size  as  used,  same. 

13.  Illinois  No.  8.  Bituminous  coal  from  Paisley  mine,  Der- 
;ng  Coal  Co.,  Paisley,  Montgomery  County,  111.,  on  the  Cleveland 
Cincinnati,  Chicago  &  St.  Louis  Ry.  Size  as  shipped,  nut.  Size 
as  used,  not  determined. 

14.  Illinois  No.  3.     Bituminous  coal  from  mine  No.  3,   South- 
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ern  Illinois  Coal  Alining  &  Washing  Co.,  Marion,  Williamson 
County,  111.,  on  the  Chicago  &  Eastern  Illinois  R.  R.  Size  as 
shipped,  run  of  mine.     Size  as  used,  not  determined. 

15.  Illinois  23-A.  Bituminous  coal  from  mine  No.  1,  Donk 
Brothers  Coal  &  Coke  Co.,  Donkville,  Madison  County,  III,  on  the 
St.  Louis,  Troy  &  Eastern  R.  R.  Size  as  shipped,  "Superior  lump," 
over  a  5-inch  screen.     Size  as  used,  same. 

16.  Illinois  29-B.  Bituminous  coal  from  mine  of  New  Staun- 
ton Coal  Co.,  Livingston,  Madison  County,  111.,  on  the  Chicago 
&  Eastern  Illinois  R.  R.,  and  Cleveland,  Cincinnati,  Chicago  &  St. 
Louis  R.  R.     Size  as  shipped,  run  of  mine. 

17.  Illinois  22-A.  Bituminous  coal  from  No.  2  mine  of  Donk 
Bros.  Coal  &  Coke  Co.,  Maryville,  Madison  County,  111.,  on  the 
St.  Louis,  Troy  &  Eastern  R.  R.  Size  as  shipped,  lump  over  a 
4-inch  perforated  shaker  screen.     Size  as  used,  same. 

18.  Illinois  16.  Bituminous  coal  from  mine  No.  7  Big  Muddy 
Coal  and  Iron  Co.,  Herrin,  Williamson  County,  111.,  on  the  Illinois 
Central  R.  R.  Size  as  shipped,  lump  and  tgg.  Size  as  used, 
not  determined. 

19.  Illinois  No.  15.  Bituminous  coal  from  south  mine  of  Pet- 
tinger  &  Davis,  Centralia,  Marion  County,  111.,  on  the  Illinois  Cen- 
tral R.  R.  Size  as  shipped,  lump  and  tgg.  Size  as  used,  not  de- 
termined. 

20.  Illinois  14.  Bituminous  coal  from  No.  2  mine,  Capital 
Coal  Co.,  east  side  of  Springfield,  Sangamon  County,  111.,  on  the 
Illinois  Central  R.  R.  Size  as  shipped,  lump.  Size  as  used,  not 
determined. 

21.  Illinois  13.  Bituminous  coal  from  Benton  mine,  Benton 
Coal  Co.,  Benton,  Franklin  County,  111.,  on  the  Chicago  &  Eastern 
Illinois  R.  R.  Size  as  shipped,  ij^  to  6-inch  egg.  Size  as  used, 
not  determined. 

22.  Illinois  18.  Bituminous  coal  from  La  Salle  shnft  mine. 
La  Salle  County  Carbon  Coal  Co.,  La  Salle,  111.,  on  the  Illinois 
Central  R.  R.  Size  as  shipped,  lump.  Size  as  used,  not  deter- 
mined. 

23.  Illinois  30.  Bituminous  coal  from  mine,  of  Southern  Coal 
&  Mining  Co..  Shiloh,  Saint  Clair  County.  111.,  on  the  Southern 
Ry.     Size  as  shipped,  washed  coal. 

24.  Illinois  25.  Bituminous  coal  from  No.  10  mine  of  the 
Southern  Coal  &  Mining  Co.,  one  half  mile  east  of  Germantown. 
Clinton  County.  111.,  on  the  Southern  Ry.  Size  as  shipped,  lump. 
Size  as  used,  same. 

25.  Illinois  10.  Bituminous  coal  from  West  Frankfort  mine. 
Dering  Coal  Co.,  West  Frankfort.  Franklin  County,  111.,-  on  the 
Chicago  &  Eastern  Illinois  R.  R.  Size  as  shipped,  slack.  Size  a^ 
\ised,  not  determined. 

26.  Illinois  24-B.  Bituminous  coal  from  mine  Xo.  0,  of  the 
Southern    Coal    &    Mining    Co..    New     Baden,    tlint  n    County. 
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111.,  on  the  Southern  Ry.     Size  as  shipped,  lump  over  a  5/2-i'iich 
bar  screen.     Size  as  used,  same. 

27.  Illinois  19-B.  Bituminous  coal  from  Zeigler  mine,  Zeigler 
Coal  Co.,  Zeigler,  Franklin  County,  Til.,  on  the  Illinois  Central  R. 
R.  Size  as  shipped,  lump.  3-inch.  Size  as  used,  over  i  inch,  yy 
per  cent. ;  J^-inch  to  i  inch,  9  per  cent. ;  V^.  inch  to  >4  inch'  (5  per 
cent.;  under  !4   inch  9  per  cent.  ■    '■   '    ' 

28.  Illinois  ii-:\.  Bituminous  coal  from  Daw's  shaft,  St. 
Louis  &  Big  Muddy  Coal  Co.,  near  Carterville,  Williamson  County, 
III,  on  the  Illinois  Central  R.  R.  Size  as  shipped,  tgg.  Size  as 
used,   not  determined. 

29  '&  5c>.  Illinois  ii-D.  From  same  mine  as  No.-  28.  Sis^ie  as 
shipped,^un  of  mine,  washed.     Size  as  used,  not  determined. 


Fig.  7 

Suction   Producer  Gas   Power   Installation  by  the  Otto  Gas   Engine 

Works. 

In  presenting  the  accompanying  charts  too  much  emphasis  can- 
not be  given  to  the  fact  that  the  tests  from  which  these  curves 
were  deduced  have  been  subjected  to  absolutely  no  refinements. 
With  the  possible  exception  of  two  or  three  coals,  one  test  only 
has  been  made  on  each  fuel,  and  the  result  of  each  test  has,  to  a 
great  extent,  depended  upon  the  ability  of  the  producer  operator 
to  "catch  on"  to  the  methods  of  handling  a  given  coal  within  the 
eight  or  ten  hours  allowed  preliminary  to  the  official  test. 

To  illustrate,  tests  Nos.  71  to  74  inclusive,  taken  in  consecutive 
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order,  were  upon  coals  from  Pennsylvania,  North  Dakota,  Ohio, 
and  \'irginia. 

It  should  also  be  borne  in  mind  that  all  the  tests  have  been 
made  on  one  type  and  in  one  size  of  producer — a  type  designed 
primarily  for  anthracite  coal — and  that  it  has  been  imperative  that 
the  test  be  made  and  the  required  power  generated  without  regard 
to  the  proper  relations  between  the  gas  producing  qualities  of  the 
coal  and  the  fuel  bed  area. 

The  restrictions  have  been  such  that  the  tests  have  been  con- 
ducted on  the  basis  of  steady  load  on  the  engine  (235  brake  horse 
power)  and  not  on  the  basis  of  maximum  power  producing  qual- 
ity of  the  coal. 

In  spite  of  these  restricted  conditions,  the  general  conclusions 
are  regarded  as  sufficiently  significant  for  presentation  although 
subject  to  modification  in  the  light  of  later  investigations.  They 
are  accordingly  indicated  in  the  following  diagrams : 
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RELATIVE    RESULTS    OF    STEAM    AND    PRODUCER-GAS    TESTS. 

In  considering  the  relation  between  the  economic  results  of  the 
two  types  of  plants  under  discussion,  viz. — steam  and  producer-gas, 
attention  is  called  to  the  fact  that  today  in  the  ordinary  manufac- 
turing plant  operated  by  steam  power  less  than  5  per  cent,  of  the 
total  energy  in  the  fuel  consumed  is  available  for  useful  w^ork  at 
the  machine. 

Before  examining  the  figures  from  the  Government  Testing 
Plant,  it  is  of  interest  and  value  to  glance  at  the  possibilities  of 
the  best  designed  and  most  skillfully  operated  plants  commercially 
in  use  today.  The  data  of  the  steam  plant  selected  for  this  compar- 
ison are  from  the  table  prepared  by  Mr.  Stott,  Superintendent  of 
Motive'  Power,  Interborough  Rapid  Transit  Company,  New  York 
City,  and  of  which  Mr.  Stott  says*,  "In  Table  i  will  be  found  a 
complete  analysis  of  the  losses  found  in  a  year's  operation  of  what 
is  probably  one  of  the  most  efficient  plants  in  existence  today  and, 
therefore,  typical  of  the  present  state  of  the  art." 

Mr.  Stott  says  further  regarding  the  thermal  efficiency  of  pro- 
ducer-gas power  plants : 

■'The  following  heat  balance  is  believed  to  represent  the  best 
results  obtained  in  Europe  and  the  United  States  up  to  date  in  the 
formation  and  utilization  of  producer  gas. 

*  See  Transactions  A.  I.  E.  E.,  1906,  Power  Plant  Economics,  by  Henry 
G.  Stott. 
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ANALYSIS    OF    THE     AVERAGE      LOSSES      IN    THE    CONVERSION    OF    ONE 

POUND  OF  COAL   CONTAINING    I2,500   B.   t.   U. 

INTO    ELECTRICITY. 

B.  t.  u.  per  cent. 

1.  Loss  in  gas  producer  and  auxiliaries 2,500  20. 

2.  Loss  in  cooling  water  in  jackets. 2.375  ^9- 

3.  Loss   in   exliaust   gases 3.750  30. 

4.  Loss  in  engine  friction 813  6.5 

5.  Loss    in    electric    generaK^r 62  0.5 

6.  Total   losses    9,500  76.0 

7.  Converted  into  electric*  energy 3,000  24. 


12,500       1 00.0 
The  figures   for  the  thermal  efficiency  of  such  plants  given  by 
lifferent  writers  run  as  high  as  33,  36,  38.5  per  cent,  and  in  some 
cases  figures  as  wild  as  "above  40"  are  boldly  published. 

Although  the  present  aim  has  been  to  present  figures  for  a  pro- 
ducer-gas plant  that  may  compare  favorably  with  those  of  the 
steam  plant  mentioned,  an  effort  has  been  made  to  keep  well  within 
conservative  efficiencies.  Attention  is  also  directed  to  the  fact  that 
the  producer-gas  plant  considered  should  be  of  such  size  as  to 
compare  favorably  with  the  steam  plant.  This  precludes  the  suc- 
tion plants,  which  are  of  relatively  small  size,  but  which  give  high- 
er thermal  plant-efficiencies  than  the  larger  pressure  and  down- 
Iraft  plants  which  require  more  or  less  auxiliary  apparatus. 


Fig.   14. 
Loomis-Pettibone  Installation  Using  Wood  for  Fuel. 


568  Fernald — Producer-Gas  Poiver  Plant. 

Although  Mr.  Stott  seems  ready  to  accept  a  thermal  efficiency 
for  the  best  producer-gas  plants  of  24  per  cent,  as  the  proper  fig- 
ure for  comparison  with  his  steam  plant  of  10.3  per  cent,  efficiency, 
a  careful  study  of  the  problem  has  led  to  the  use  of  a  more  conserv- 
ative figure,  viz.,  21.5  per  cent.,  for  the  producer-gas  plant  in  con- 
structing the  diagram  shown  in  Fig.  15. 

Fig.  16  presents  in  the  same  graphic  manner  the  average  rela- 
tive thermal  efficiencies  of  the  steam  and  producer-gas  plants  a:t  the 
Government   Testing    Station. 

At  the  left  of  each  of  these  figures  is  shown  the  number  of 
British  thermal  units  that  must  be  delivered  to  the  furnace  or  pro- 
ducer in  the  fuel  of  rhe  steam  and  gas  plants  respectively  in  order 
that  100  British  thermal  units  may  be  converted  into  electrical  en- 
ergy. At  the  right  is  shown  the  percentage  of  useful  work  at  the 
bus  bars  for  the  plants  considered. 

The  curves  in  Figs.  17  and  18  show  the  great  economy  secured 
from  seventy-five  bituminous  coals  and  six  lignites  when  used  in 
the  gas  producer  instead  of  under  the  steam  boiler.  The  results 
of  the  tests  are  officially  reported  on  the  basis  of  switchboard  horse 
power,  but  in  order  that  they  may  be  of  more  practical  value  they 
are  given  here  on  the  basis  of  brake  horse  power  and  kilowatt — 
the  efficiency  of  electric  generator  and  belt  in  each  plant  being  as- 
sumed as  85  per  cent. 

Especial  attention  should  be  called  to  the  fact  that  several  low 
grade  coals  and  lignites  which  have  proved  of  little  value  or  even 
worthless  under  tlie  steam  boiler  have  given  excellent  returns  in 
the  gas  producer. 

The   ratios   of  the   total    fuel   per   brake   horse   power   hour    re- 
quired by  the  steam  plant  and  producer-gas  plant  under  full  load 
conditions,   not  counting  stand-by   losses,   are   presented  below   as 
derived  from  75  coals,  6  hgnites,  and  i  peat  (Florida). 
Average  ratio,  coal  as  fired  per  b.  h.  p.  hr.  (under  boiler)   to 

coal  as  fired  per  b.  h.  p.  hr.  producer 2.j 

Maximum  ratio,  coal  as  fired  per  b.  h.  p.  hr.  under  boiler  to 

coal  as  fired  per  b.  h.  p.  hr.  in  producer 1-7 

Minimum  ratio,  coal  as  fired  per  b.  h.  p.  hr.  under  boiler  to 

coal  as  fired  per  b.  h.  p.  hr.  in  producer 1.8 

Average  ratio,  lignite  as  fired  per  b.  h.  p.  hr.  under  boiler  to  lig- 
nite as  fired  per  b.  h.  p.  hr.  in  producer 2.7 

Maximum  ratio,  lignite  as  fired  per  b.  h.  p.  hr.  under  boiler  to 

lignite  as  fired  per  b.  h.  p.  hr.  in  producer 2.9 

Minimum  ratio,  lignite  as  fired  per  b.  h.  p.  hr.  under  boiler  to 

lignite  as  fired  per  b.  h.  p.  hr.  in  producer 2.2 

Average  ratio  peat  as  fired  per  b.  h.  p.  hr.  under  boiler  to  peat 

as  fired  per  b.  h.  p.  hr.  in  producer 2.^ 

In  case  of  the  results  for  the  producer  gas  tests  the  figures  in- 
clude not  only  the  coal  consumed  in  the  gas  generator  but  also  the 
coal  used  in  the  auxiliary  boiler  for  generating  the  steam  necessarv 
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for  the  pressure  blast,  i.  e.,  the  figures  given  inckide  the  total  coal 
required  by  the  gas  producer  plant. 

This  ratio  for  the  Illinois  coals  is  shown  graphically  for  each  coal 
in  Fig.  19,  the  average  ratio  being  2.6.  As  indicated  by  the  chart 
no  steaming  tests  were  made  on  some  of  these  coal?. 
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In  the  above  comparisons  between  the  steam  and  producer  gas 
plants  no  consideration  has  been  made  of  stand-by  losses.  Each 
plant  has  been  considered  on  the  basis  of  continuous  operation  dur- 
ing a  given  period.  Data  upon  stand-by  losses  for  plants  operated 
during  a  portion  of  each  24-hour  day  are  not  at  present  obtaimble 
from  the  Fuel  Testing  Plant.  There  seems  to  be  little  of  value 
published  relating  to  this  point  and  opinions  regarding  the  amount 
of  fuel  required  for  holding  fires  over  night  or  during  idle  periods 
in  both  boiler  and  producer  plants  seem  to  differ  widely. 

It  is  probable  that  the  most  reliable  figures  obtainable  today  re- 
lating to  this  point  are  those  presented  by  Messrs.  Dowson  & 
Larter  in  their  recent  book  entitled  Producer  Gas.  The  results 
secured  by  these  gentlemen  from  a  number  of  engineers  and  ex- 
perimenters, including  such  well-known  names  as  that  of  Mr. 
Bryan  Donkin,  indicate  that  for  plants  of  about  250  H.  P.  the 
stand-by  losses  amount  to  about  67  pounds  of  coal   per  standing 
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.  hour  for  the  steam  plant  and  to  about  4  pounds  per  standing  hour 
for  the   producer-gas  plant. 

On  the  basis  of  these  figures  the  chart  shown  in  Fig.  20  has 
been  prepared  for  steam  and  producer-gas  plants  of  235  b.  h.  p. 
operating  ten  hours  a  day.  The  figures  for  coal  consumption  dur- 
ing the  period  of  operation  are  those  obtained  at  the  Fuel  Testing 
Plant  at  St.  Louis,  and  the  figures  for  stand-by  losses  are  from  the 
source  indicated. 
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In  considering  the  possible  increases  in  efficiency  of  the  boiler 
tests  with  a  compound  engine  substituted  for  the  simple  engine 
used  the  fact  should  not  be  over-looked  that  a  corresponding  in- 
crease in  the  efficiency  of  the  producer-gas  tests  may  be  brought 
about  under  corresponding  favorable  conditions. 

Too  much  emphasis  can  not  be  given  to  the  fact  that  all  of  the 
tests  ^upon  bituminous  coals,  lignites,  and  peats  were  made  in  a 
producer  designed  primarily  for  anthracite  coal.  It  is  in  fact  mar- 
velous that  any  single  plant  can  handle  such  a  range  of  fuels.  Not 
on'y  is  the  producer  passing  through  a  transitional  period,  but  the 
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Fig.  21. 
Horizontal   Producer-Gas    Llngme   Direct    Connected   to    Electric 
Generator  for   Street   Railway   Service, 
gas  engine  mtist  still  be  regarded  in  the  same  light.     In  the  larger 
sizes  the  vertical,  single-acting  engine  is  being  replaced  bv  the  hor- 
izontal double-acting  type.     Other  changes  and  improvements  are 
constantly  being  made  which  tend  to  do  for  the  efficiency  of  the  gas 
engine   what   compounding   and   tripling   the   expansions    have   al- 
ready done  for  the  steam  engine. 

The  engine  used  in  the  tests  reported  is,  as  already  stated,  of  a 
type  that* is  rapidly  becoming  obsolete  for  this  size,  viz.,  vertical, 
three-cylinder,  single-acting. 

A  brief  consideration  of  these  points,  will  lead  at  once  to  the  con- 
clusion that  the  producer-gas  plant  and  steam  plant  used  in  these 
tests  compare  very  favorably,  and  that  an  increase  in  efficiency 
in  the  boiler  tests  that  might  result, from  using  a  compound  engine 
can  be  oil-set  by  the  introduction  of  the  more  modern  type  of  gas 
engine  and  a  producer  plant  designed  to  handle  the  types  of  fuel 
used. 

It  should  again  be  noted  that  many  fuels  are  not  fit  for  use  un- 
der boilers.  Many  of  these  poor  fuels  have  been  used  with  the 
greatest  ease  in  the  gas  producer  thus  opening  the  way  for  the 
utilization  of  many  fuels  that  have  heretofore  been  regarded  as 
practically  of  no  value.  Several  of  the  poorest  grades  of  bitumi- 
nous coals  have  shown  remarkable  efficiency  in  the  gas  producer. 
and  the  lignites  and  peat  have  also  responded  with  great  readiness 
to  the  demands  of  the  gas-producer,  thus  opening  the  way  J:o  the 
introduction  of  cheap  power  into  large  districts  that  have  thus  far 
been  commercially  uniiuportant  owing  to  the  lack  of  industrial  op- 
portunities. 
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Fig.   22. 

Westinghousc    Pressure    Gas    Producer 


Fig.  23. 
Installation    for   City    Lighting 
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EFFICIENCIES. 

It  has  not  been  the  aim  of  the  testing  plant  to  determine  the  low- 
est possible  amounts  of  coal  that  could  produce  a  given  power,  or 
to  determine  the  highest  possible  efficiency  of  the  particular  producer 
plant  installed.  The  work  of  the  plant  was  laid  out  by  an  act  of 
Congress  which  restricted  the  work  to  the  determination  of  the  pos- 
sibilities of  utilizing  the  bituminous  coals,  lignites,  and  other  fuels 
for  the  production  of  power.  It  is  expected  that  many  special  in- 
vestigations may  be  carried  on  in  the  future.  In  spite  of  the  fact 
that  no  series  or  runs  has  been  made  on  any  one  coal  for  determin- 
ing the  best  possible  results  obtainable,  it  is  nevertheless  gratify- 
ing to  report  that  official  records  have  been  made  as  low  as  0.95 
pounds  of  dry  coal  per  hour  burned  in  the  producer  per  electrical 
horse-power  developed  at  the  switchboard ;  or  0.80  pounds  of  dry 
coal  per  hour  burned  in  the  producer  per  brake  horse-power  per 
hour,  on  the  basis  of  an  efficiency  of  85  per  cent,  for  generator 
and  belt. 

VIEWS  OF  THE   MANUFACTURER. 

In  order  to  determine  as  closely  as  possible  the  exact  status  of 
the  producer-gas  business,  an  effort  has  been  made  to  get  at  both 
the  manufacturers'  point  of  view  and  that  of  the  owners  and  oper- 
ators of  existing  plants. 

With  this  in  mind  several  manufacturers  of  gas  producers  were 
asked  about  a  year  ago : 

"To  ivhat  extent  is  the  demand  for  gas  engines  and  gas  produc- 
ers,  and   the  interest   in   the  same,   grozvingf" 

The  replies  were  sufficiently  significant  to  warrant  their  presen- 
tation at  this  time : 

"We  believe  there  is  a  waiting  and  almost  unlimited  demand  for 
producer  powet  plants,  as  soon  as  the  manufacturers  have  some- 
thing definite  to  ofifer  and  can  guarantee  quick  installation  and 
certain  results." 

"Would  advise  you  that  the  demand  for  gas  engines  and  gas 
producers  is  growing  considerably.  We  have  this  month  closed 
for  an  8,000-horse-power  gas  producer  plant,  and  have  on  our 
books  negotiations  pending  for  over  200,000  horse-power." 

''The  demand  for  gas  engines  and  gas  producers  is  at  present 
apparently  only  limited  by  the  output,  we  ourselves  having  or- 
ders way  ahead,  and  all  the  business  we  can  possibly  fill.  Were  we 
to  go  out  after  business  we  would  immediately  swamp  the  factory. 
These  plants  are  giving  such  excellent  results  in  the  field  that  they 
are  bound  to  replace  steam  for  almost  all  uses,  and  in  consequence 
the  field  may  be  said  to  be  almost  unlimited." 

"The  demand  for  gas  producers,  and  the  interest  manifested  in 
the  same,  seems  to  be  growing  very  rapidly,  as  indicated  by  the 
number  of  inquiries  received  at  our  office  and  by  our  agents  in  dif- 
ferent parts  of  the  country." 

"According  to  inquiries  which  we  are  constantly  receiving,  v.e 
judge  that  the  interest  in  the  question  of  gas  producers  and  gas  en- 


Fernald — Produco-Gas  Power  Plant.  ;*>:"> 

gines  is  growing  considerably,  and  all  indications  lead  us  lo  be- 
lieve that  the  proposition  of  gas  power  plants  will  be  a  very  im- 
portant one  in  this  country  before  long." 

"We  can  only  say  that  our  correspondence  indicates  a  contin- 
ually growing  demand  for  gas  producers  for  power  purposes,  es- 
pecially   those   adapted   for   running   on   soft   coals." 

"There  has  probably  never  been  a  mechanical  production  more 
widely  or  thoroughly  advertised  at  such  an  early  period  in  its  his- 
tory in  this  country  as  the  suction  producer  gas  power  equipment. 
Much  of  this  advertising  has  aroused  curiosity  among  people, 
many  of  whom  are  not  contemplating  a  purchase.  On  the  other 
'hand  the  fue!  economy  is  so  remarkable  that  manufacturers  with 
a  reputation  for  reliable  goods,  and  with  the  fuel  guarantees  they 
offer,  backed  by  unquestioned  responsibility,  ai'e  able  to  sell  their 
product  with  very  little  effort.'' 

"The  gas  producer  business  and  the  uses  to  which  they  have  been 
applied  have  increased  about  50  per  cent,  within  the  last  ten  years, 
and  are  still  growang.  V.'e  would  imagine  the  next  ten  years 
would  show  a  far  greater  improvement.  We  think  producer  gas 
is  yet  in  its  infancy  as  to  various  applications." 

"The  demand  for  gas  engines  and  gas  producers  is  growing  in 
that  field  where  the  price  of  coal  is  highest,  and  for  that  reason 
any  commercial  tests  in  suitable  gas  producers,  which  will  use  the 
fuel  of  the  district,  will  be  of  value." 

"There  is  no  doubt  that  the  gas  engine  itself  is  now-a-day-  in 
=uch  a  state  of  perfection  that  its  use  is  bound  to  become  general 
for  power  production  as  soon  as  the  possibility  for  using  bituminous 
coal  in  gas  producers  to  a  large  extent  has  been  proven." 


Fig.  24. 

Suction   Gas  Producer  Installation  for  Shop  Drive,  as   Manufactured  by 
the  Smith  Gas  Power  Company. 
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At  the  same  time  the  manufacturers  were  asked: 
What  are  the  serious  difficulties  in  the  way  of  more  rapid  de- 
velopment of  gas  producers  and  gas  engines  as  a   means  of  de- 
V eloping  power?" 

A  summary  of  the  repUes  would  indicate  the  difficulties  to  be 
about  as   follows : 

1.  The   fact  that  the  gas  engine  is   not  yet  as   reliable  as  the 

steam    engine. 

2.  The  lack  of  engineers  who  know  how  to,  run  producer  gas 

power    plants. 

3.  Incompetent  salesmen — men  not  familiar  with  the  details  of 

the  engines  and  producers  they  are  handling. 

4.  Large  number  of  unsuccessful  and  only  partially  success- 

ful   installations    made    during    the    experimental    period 
of  this  development. 

5.  Lack  of  proper   design   and   construction   of   producer  gas 

engines  in  the  United  States. 

6.  Lack  of  knowledge  and  confidence  on  the  part  of  the  public. 

7.  The  fact  that  the  heating  of  factory  buildmgs  must  be  pro- 

vided for  by  a  heating  plant  separate  from  the  power  plant 

8.  Lack  of  producer  type  w'hich  will  gasify  bituminous  coal 

satisfactorily. 

9.  Inability  to  use  cheap  fuels  in  the  suction  gas  producer. 

10.  Lack   of   complete   knowledge    as   to   how    successfully   the 

difiterent  fuels  in  the  different  localities  of  the  country  can 
be  used  in  gas  systems. 

1 1 .  Large    excess    cost    of    gas    engine — gas    producer    power 

plants  over  that  of  steam  power  plants. 

THE    SITUATION    TODAY    REGARDING    THESE    DIFFICULTIES. 

It  is  certainly  most  hopeful  when  the  manufacturers  themselves 
are  ready  to  acknowledge  the  difficulties  outlined.  This  situation 
is  in  fact  the  most  encouraging  sign  for  the  future  development 
of  producer-gas  plants. 

A  year  has  elapsed  since  these  communications  were  received. 
It  is  therefore  well  to  examine  the  situation  briefly  but  critically 
today,  regarding  the  eleven  difficulties  listed  above : 

I.  The  fact  that  the  gas  engine  is  not  yet  as  reliable  as  the  steam 
engine. 

There  have  been  good  grounds  for  the  feeling  that  the  gas  en- 
gine was  less  reliable  than  the  steam  engine,  but  today  many  in- 
•tallations  tend  to  change  this  impression. 

Mr.  Paul  ^Vinsor,  Chief  Engineer  of  Motive  Power  &  Rolling 
Stock,  Boston  Elevated  Railway  Company,  says,  in  an  article  on 
the  producer-gas  power  plants  installed  by  his  company,  "As  a  re- 
>ult  of  my  experience  with  these  plants,  I  am  absolutely  convinced 
■'f  the  economy  and  reliability  of  a  gas  engine  power  station." 

In  order  to  counteract  any  feeling  of  lack  of  confidence  in  the 
possibilities  of  continued  operations  of  gas  producers  and  gas  en- 
gines, an  endurance  test  was  undertaken  at  the  Testing  Plant  at 
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Saint  Louis,  which  demonstrated  beyond  dispute  the  possibihty 
of  continuous  operation  of  producer  plants  using  bituminous  coals 
tor  power  purposes.  The  test  in  question  began  March  8,  1905, 
and  continued  until  April  i,  without  interruption,  twenty-four 
consecutive  days. 

This  endurance  test  upon  one  coal  was  made  possible  through  the 
kindness  of  Donk  Brothers  Coal  and  Coke  Co.  of  St.  Louis, 
who  generously  supplied  the  necessary  150  tons  of  coal.  The  coal 
was  a  lump  coal  from  their  mine  No,  3,  located  near  Troy,  Illinois. 
The  average  of  six  analyses  of  this  coal  is  as  follows : 
Proximate. 

Moisture    14.68  per  cent. 

Volatile    combustible     30.98 

Fixed    Carbon     4--93 

Ash    11.41 

100.00  per  cent. 

Sulphur    1-33  per  cent. 

With  12,343  British  thermal  units  per  lb.  of  dry  coal. 

During  this  entire  test  calorimetric  determinations  of  the  heat 
value  of  the  gas  were  made  every  twenty  minutes,  and  volumetric 
analyses  were  made  every  two  hours.  The  average  heat  value  of 
the  gas  for  the  entire  run  was  156.1  British  thermal  units  per  cubic 
foot,  and  the  average  composition  of  the  gas  was  as  follows : 

Hydrogen    disulphide    (H2S) 0.0  per  cent. 

Carbon    dioxide    (CO2) 9,2 

Oxygen    (O2)    O.O 

Ethylene   (C2H4)    0.4 

Carbon  monoxide   (CO )    20.9 

Hydrogen    (H2)    15.6 

Methane   (CH4)    1.9 

Nitrogen    (N2) 52.0 


1 00.0 
During  the  progress  of  the  test  the  usual  observations  were  made 
at  intervals  of  twenty  minutes  and  careful  notes  kept  of  all  inci- 
dents connected  with  the  operation  of  the  p'ant.  Among  the  items 
of  interest  those  relating  to  the  tar  extracted  during  the  test  are  of 
special  significance,  as  it  has  often  been  stated  that  no  plant 
mechanically  separatincr  the  tar  could  run  more  than  five  or 
six  days  without  shutting  down.  The  total  tar  extracted  during 
this  test  amounted  to  14.950  lbs.,  or  about  143  lbs.  of  tar  per  ton 
of  coal  burned  in  the  producer.  By  heating  and  stirring  the  tar, 
the  water  was  extracted  from  this  tar,  and  the  figures  given  are 
for  tar  containing  not  over  ten  per  cent,  of  water. 

As  the  p'ant  was  laid  out  for  general  test  purposes  the  passages 
through  which  the  gas  was  obliged  to  pass  were  far  more  tortuous 
than   would   have   been   the   case    for  the   installation   of   a    simple 
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plant  for  power  purposes.  As  a  result,  the. gas  in  passing  from 
the  dust  collector  to  the  scrubber,  instead  of  passing  through  a 
pipe  about  three  feet  in  length,  was  forced  to  make  three  right 
angle  turns  and  pass  through  a  water  seal  valve,  thus  traversing  a 
distance  of  about  20  feet.  This  construction,  necessary  only  for 
testing  purposes,  was  unfortunate,  and  owing  to  the  deposit  of 
tar  in  the  water  seal  valve  brought  the  test  to  a  close  after  twenty- 
four  days.  With  this  unfortunate  combination  of  piping  removed, 
even  more  wonderful  endurance  records  should  be  made  than  the 
surprising  twenty-four-day  test  here  recorded. 

In  order  to  remove  the  ashes  which  must  be  ground  down  at 
regular  intervals  it  is  usually  considered  necessary  to  shut  down 
the  entire  plant.  As  such  a  shut-down  would  be  fatal  to  an  emiurT 
ance  test,  a  special  method  of  removing  the  ashes  had  to  be  resorted 
to.  The  ashes  w'ere  removed  about  once  every  forty-eight  hours 
by  simply  reducing  the  pressure  under  which  the  producer  was 
operated,  and  running  the  plant  on  the  suction  basis  during  the 
hour  required  for  removing  the  ashes.  The  men  worked  with 
entire  ease  and  comfort  during  this  period. 

During  the  entire  twenty- four  days  the  engine  showed  no  signs 
of  heating,  clogging  with  tar,  or  other  trouble.  It  ran  steadily  at 
all  times  and  at  the  end  of  the  test  was  found  in  perfect  condition. 
The  same  set  of  igniters  was  used  throughout  <^be  run  and  gave 
absolutely  no  difficulty.  An  inspection  of  the  engine  at  the  close 
of  the  test  showed  the  cylinders,  igniters,  and  all  working  parts, 
to  be  in  such  excellent  condition  that  the  engine  was  not  even 
cleaned,  or  its  mechanism  in  any  way  changed  before  beginning 
the  next  test.  An  inspection  of  the  producer  plant,  at  the  close 
of  the  test,  also  showed  everything  about  the  plant  to  be  in  excel- 
lent condition,  and  the  regular  tests  went  on  as  usual  after  the 
close  of  the  endurance  run. 

During  this  test  an  average  of  225.5  brake  horse-power  was 
maintained.  The  coal  consumed  w^as  1.40  lbs.  of  dry  coal  per 
brake  horse-power  per  hour.  Especial  attention  is  called  to  the 
fact  that  during  this  test,  as  well  as  during  all  other  tests  con- 
ducted at  this  plant,  no  attempt  is  made  to  remove  the  sulphur 
trom  the  gas  before  it  enters  the  engine.  Considerable  contro- 
versy has  arisen  in  various  parts  of  the  country  regarding  the 
influence  of  sulphur  upon  the  cylinders  of  a  gas  engine,  leading 
in  some  cases  to  the  introduction  of  this  question  into  important 
lawsuits.  The  engine  in  use  at  the  Testing  Plant  has  received 
the  full  charge  of  sulphur  contained  in  the  gas,  since  the  estab- 
lishment of  the  plant,  and  shows  absolutely  no  signs  of  injurious 
effects,  although  coals  have  been  used  running  as  high  as  8.1  per 
cent,  sulphur. 

2.  The  lack  of  engineers  zcho  knoio  how  to  run  producer  gas 
pozver  plants. 

It  cannot  be  denied  that  many  of  the  difficulties  charged  to 
producer  gas  power  plants  are  due  entirely  to  incompetent  opera- 
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tors.  Some  plants  have  been  temporarily  put  out  of  commission 
bv  the  prejudices  or  lack  of  ability  and  training  of  operators  or 
engineers  in  charge.  In  a  few  cases  these  failures  are  due  to  the 
impossibility  of  finding  competent  men  to  operate  the  plants,  but  in 
manv  cases  it  is  undoubtedly  due  to  a  short-sighted  policy  on  the 
part  of  the  manufacturers,  who  are  not  willing  to  give  the  proper 
and  necessary  information  about  the  design,  construction,  and 
operation  of  the  plant  in  question.  The  possibility  of  a  sale  at 
the  present  time  is  apparently  the  only  interest,  and  the  future 
is  allowed  to  take  care  of  itself.  ]\Iy  attention  was  directed  to 
several  such  instances  in  visiting  a  number  of  installations  a  few 
months  since. 

3.  Incompetent  salesmen — men  not  familiar  icith  the  details 
of  the  engines  and  producers  they  are  handling. 

This  condition  of  affairs  has  led  to  absurd  guarantees  and  un- 
fortunate installations,  which  have  seriously  interfered  with  fur- 
ther business  in  the  same  district. 

One  salesman,  representing  a  house  of  national  reputation,  told 
me  that  their  suction  producer  fat  that  time  they  had  only  one 
producer  in  existence,  and  that  one  was  in  their  own  factory) 
was  guaranteed  to  operate  perfectly  on  charcoal,  anthracite  coal, 
coke,  bituminous  coal,  lignite,  and  peat.  \\'hen  I  informed  him 
that  I  was  ready  to  buy  out  their  whole  producer  business  that 
dav  if  his  company  would  put  that  guarantee  in  writing,  he  be- 
came decidedly  confused. 

One  agent  "worked"'  an  old  gentleman  in  a  small  town  by  con- 
vincing him  that  a  producer-gas  plant  was  exactly  adapted  to  the 
intermittent  demands  of  a  small  gristmill.  Today  the  mill  may 
run  two  hours ;  tomorrow,  seven ;  and  then  not  again  for  two  or 
three  days.  The  salesman  claimed  that  his  producer  plant  would 
do  everything  exactly  as  desired,  i.  e.,  it  was  just  the  plant  for 
z'ariable  demands. 

As  the  old  gentleman  said,  "He  offered  me  a  gold-brick  and  I 
bought  it.     There  it  stands." 

The  mill  is  now  run  by  an  electric  motor  supplied  with  current 
from  the  town  lighting  plant. 

4.  Large  numbers  of  unsuccessful  and  only  partially  successful 
installations  m-ade  during  the  experimental  period  of  this  devel- 
opment. 

These  are  due  in  part  to  the  willingness  of  small  companies  with 
little  financial  backing  to  allow  the  public  to  "be  the  dog"  instead 
of  thoroughly  testing  their  plants  before  putting  them  out.  The 
need  of  money,  anxiety  to  get  ahead  of  their  competitors,  lack  of 
knowledge,  incompetent  designers,  operators  and  salesmen,  have 
combined  in  the  past  to  produce  an  unfortunate  situation,  which, 
however,  is  rapidly  clearing  away. 

5.  Lack  of  proper  design  and  construction  of  producer-gas 
engines  in  the  United  States. 

This  has  undoubtedly  been   a  serious  difficulty.     Many   engines 
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have  failed  utterly  to  meet  the  demands  and  have  been  withdrawn. 
Today  the  majority  of  manufacturers  realize  that  a  special  engine 
must  be  designed  for  producer-gas  work,  and  that  an  engine  de- 
signed for  city  gas,  or  gasoline,  and  then  "patched  up"  to  work  on 
producer  gas  is  a  sorry  failure. 

6.  Lack  of  knozdedge  and  confidence  on  the  part  of  the  public. 
This  lack  has  been  largely  due  to  the  five  difficulties  already 

mentioned  and  will  take  care  of  itself  as  these  are  remedied. 

7.  The  fact  that  the  heating  of  factory  buildings  must  be  pro- 
vided for  by  a  heating  plant  separate  from  the  pozver  plant. 

This  may  be  a  serious  factor  in  some  cases.  Several  companies 
claim  to  have  this  problem  satisfactorily  solved.  It  is  by  no  means 
impossible  of  solution,  and  sim.ple  practical  methods  of  utilizing, 
the  heat  from  the  exhaust,  or  the  producer-gas  direct,  will  un- 
doubtedly be  brought  forward  in  the  near  future. 

8.  Lack  of  producer  type  zchich  zvill  gasify  bituminous  coal 
satisfactorily. 

There  are  today  at  least  two  types  of  producers  which  meet  this 
demand  reasonably  well — the  pressure  and  the  down-draft  plants. 
I  am  informed  that  there  are  in  America  at  the  present  time  pro- 
ducer-gas plants  aggregating  over  200,000  H.  P.  which  operate  on 
widely  ranging  qualities  of  fuel,  from  wood  to  the  best  grades  of 
bituminous  coal.  The  work  accomplished  by  the  United  States 
Geological  Survey  Fuel  Testing  Plant  certainly  establishes  be- 
yond doubt  the  possibilities  in  this  direction. 

9.  Inability  to  use  cheap  fuels  in  the  suction  gas  producer. 
This  is  a  drawback  to  the  proper  development  of  the   suction 

plant.  Several  companies  claim  to  have  solved  this  problem  al- 
though official  results  are  not  yet  available. 

10.  Lack  of  complete  knozdedge  as  to  hozv  successfully  the 
different  fuels  in  the  dhvrent  localities  of  the  country  can  be  used 
in  gas  systems. 

This  has  been  the  special  investigation  f  of  the  United  States  Geo- 
logical Survey  Fuel  Testing  Plant  for  the  past  two  and  a  half 
years. 

11.  Large  excess  cost  of  producer-gas  pozver  plants  over  that  of 
steam  pozver  plants. 

Although  this  undoubtedly  has  been  true,  the  cost  of  gas  plants 
is  decreasing,  and  the  statement  above  is  at  least  open  to  discussion 
if  not  to  ronfradirtion  in  many  case.s. 

Feeling  that  definite  information  relating  to  the  cost  of  pro- 
ducer-gas installations  is  exceedingly  difficult  to  find,  an  attempt 
has  been  made  to  secure  the  desired  figures  from  all  of  the  leading 
manufacturers  in  the  United  States.  Although  some  have  failed 
to  respond,  the  results  have  been  very  gratifying  and  are  presented 
in  detail. 

t  For  detailed  reports  see  Bulletins  Nos.  261,  and  290;  Professional  Paper 
No.  48  (3  volumes)  ;  and  other  reports  on  the  subject  published  by  the 
United  States  Geological  Survey. 
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Suction   Gas   Producer    Installation,   as   Manufactured   by   the   Olds   Ga- 

Power   Company. 

Table  III  gives  the  cost  of  twenty-six  down-draft,  pressure,  and 
suction  plants  of  different  sizes  together  with  the  cost  of  the  gas 
engines;  electric  generators,  auxiliary  machinery,  buildings,  etc., 
being  included  wherever  possible.  The  figures  in  each  case  are 
those  supplied  by  the  manufacturer. 

Referring  to  the  plant  designated  "K"  it  will  be  noted  that  the 
cost  of  this  complete  plant  including  electric  machinery,  build- 
ings, etc.,  complete  is  Sj^  per  horse  power.  I  was  informed  thai 
the  corresponding  figures  for  a  competing  steam  plant  amounted  to 
$74  per  horse  power. 

In  table  IV  are  presented  the  manufacturers'  itemized  estimates 
of  the  cost  of  operation,  including  fixed  charges  whenever  possi- 
ble, of  several  producer-gas  installations.  The  plant  designation 
used  in  this  table  corresponds  to  that  of  table  III,  i.  e.,  the  data 
in  the  two  tables  under  the  same  designation  letter,  refer  to  th« 
same  installation. 

An  attempt  was  made  to  prepare  a  table  of  comparative  costs 
of  installation  and  of  operating  expenses  for  steam  and  for  pro- 
ducer-gas installations.  After  considerable  study  of  the  situation 
it  was  decided  that  such  a  table  would  prove  of  little  or  no  value 
as  the  relative  cost  of  the  installations  may  be  made  almost  any- 
thing within  a  given  range,  to  suit  the  individual  fancy  of  the  per- 
son making  such  comparisons — in  favor  of  steam  or  gas  as  hi* 
inclination  may  dictate. 

The  conclusion  arrived  at  is  that  the  complete  producer  gas  in- 
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-tallation  for  the  larger  plants, — say  from  4,000  or  5,000  horse 
power  up — costs  about  the  same  as  a  first  class  steam  plant  of  the 
same  size.  With  the  smaller  installations  the  balance  may  be  in 
favor  of  the  steam  plant.  However,  even  if  the  steam  plant  cost  15 
per  cent  less  than  the  producer-gas  plant  it  should  not  be  forgotten 
chat  the  increased  efficiency  in  the  operation  of  the  latter  will  re- 
sult in  making  up  the  difference  in  the  first  cost  within  a  short 
time — probably  about  two  years  in  the  average  plant.  In  case  of 
plants  of  over  1,006  horse  power,  with  coal  at  $2.75  or  more  per 
ton  this  difference  in  firsf  cost  is  usually  wiped  out  within  the  first 
}  ear  of  operation. 

In  view  of  the  difficulty  involved  in  determining  the  exact  basis 
of  comparison  of  the  costs  of  steam  and  producer-gas  plants,  I 
have  decided  to  present  the  following  very  complete  table  given 
by  Mr.  Stott  in  his  paper  previously  referred  to,  entitled,  "Power 
Plant  Economics." 

''In  this  table,"  Mr.  Scott  says,  "will  be  found  a  tabulation  of 
the  relative  values  of  the  various  items  necessary  in  the  mainte- 
nance and  operation  of  a  power  plant.  The  first  column  covers  a 
plant  with  compound  condensing  reciprocating  engines  without 
superheat, -and  is  derived  from  a. year's  record  of  actual  costs  of 
a  large  plant  operating  with  a  load  factor  of  approximately  50 
per  cent ;  load  factor  in  this  case  being  defined  as 

Actual    Output . 

Maximum  h:>ur's  load  x  24 

The  values  in  the  other  columns  have  in  the  main  been  esti- 
mated from  the  first  column,  but  wherever  possible  actual  data 
derived  from  various  sources  both  domestic  and  foreign,  have  been 
used ;  but  in  all  cases  all  values  have  been  reduced  so  as  to  make 
them  directly  comparable  with  the  first  column,  and  with  one  an- 
other. The  values  in  maintenance  and  operation  of  steam  tur- 
bines are  derived  from  actual  costs." 

Recip-  Reciprouatimr        Gas  Gas  Kii- 

,  ,     .  rocatiug  Steam      Engines  and      Engine     gines  an  d 

Maintenance.  Enyme-s        Turbines   Stni.Turbines      Plant    Stm.Turb's 

1.  Engine    room    mechanical 2.57  0.51  1.54  2.57  1.54 

2.  Boiler  room  or  producer  room...     4.61  4.30  3.52  1.15  1.95 

3.  Coal  and   ash-handling   apparatus.     0.58  0.54  0.44  0.29  0.29 

4.  Electrical    apparatus    i .  12  1.12  1.12  1.12  1.12 

Operation. 

5.  Coal    and    ash-handling    labor 2.26  2.11  1.74  1.13  1.13 

6.  Removal   of  ashes    1.06  0.94  0.80  0.53  0.53 

Z.Rock    rental    0.74  0.74  0.74  0.74  0.74 

8.  Boiler-room    hbor    715        6.68        5.46        1.79        3-03 

9.  Boiler-room,    oil.    waste,    etc 0.17        0.17        0.17        0.17        0.17 

10.  Coal    61.30  57.30  46.87  26.31  25.77 

11.  Water     7-i4  0.71  5.46  3.57  2.14 

12.  Engine  room  mechanical   labor...  6.71  1.35  4.03  6.71  4.03 

13.  Lubrication     1.77  0.35  i.oi  1.77  i-o6 

14.  Waste,   etc 0.30  0.30  0.30  0.30  0.30 

15.  Electrical    labor 2.52  2.52  2.52  2.52  2.52 

Relative  cost  of  maintenance  and 

operation     100.00      7964      75-72      50.67      46-32 

Relative   investment   in   per   cent.    100.00      82.50       77.00     100.00      91.20 
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Doifn-  alra// 

/  unt-/  -  2 So  // f 
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2-  Sfio  HP 


io  /tours   H'ee/^/y. 
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8i}a/s.t/ai/y  )t3j3  at  3o* 
■  ~     '    SunW^y  X  S3. 
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/  4^as  operator  att/SI4/ee/c/yg  gas  o/bera/ors  af*/S-  per 
JVee.A 


ra/o. 


TTSfs 


eng/near  u/^7.  unsaAr/y 
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Fig.  26. 

Suction  Gas  Producer  Installation,  as  Manufactured  by  the  Minneapolis 

Steel   &  Machinery   Company. 

VIEWS   OF   OWNERS   AND   OPERATORS   OF   PRODUCER   GAS   PLANTS. 

There  are  today  probably  twenty  companies  in  the  United  States 
manufacturing  gas  producers  for  power  purposes.  At  least  twelve 
of  these  are  fully  established  on  a  commercial  basis  and  are  in  posi- 
tion to  give  proper  guarantee  when  installing  plants. 

About  one  hundred  and  fifty  gas  producer  power  plants  rang- 
ing in  size  from  20  to  6,000  horse  power  are  now  in  operation  in 
the  United  States.  One  company  alone  reports  twenty  odd  in- 
stallations averaging  over  2,000  H.  P.  each,  and  nearly  as  many 
more,  averaging  about  the  same  size,  contracted  for  or  now  be- 
ing erected. 

The  number  of  installations  and  the  persistent  development  has 
already  led  the  National  Board  of  Fire  Underwriters  to  issue  spe- 
cial rules  and  requirements  for  the  "Construction,  Installation  and 
\]<ie  of  Coal  Gas  Prodnrer  (Pressure  and  Suction  Systems)." 
■  Of  the  total  number  of  installations  in  the  United  States  it  is 
interesting  to  note  that  about  two-thirds  are  suction  plants  which 
operate  on  anthracite  coal,  charcoal  being  used  in  a  few  .cases. 
Bituminous  coal  is  used  in  approximately  one-third  of  the  instal- 
lations, but  this  one-third  of  the  number  of  plants  probably  covers 
in  the  neighborhood  of  65  per  cent  to  75  per  cent  of  the  aggregate 
horse  power  rating. 

During  the  past  summer  it  was  my  privilege  to  visit  several  of 
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the  producer-gas  power  plants  of  the  country  with  the  idea  of  as- 
certaining as  far  as  possible  the  exact  situation  from  the  owners 
attd  operators.  No  selection  was  made  of  the  plants  to  be  visited. 
In  the  list  are  producers  from  fourteen  manufacturers.  The  ter- 
ritory visited  was  from  Maine  to  Central  Nebraska.  The  data 
presented  in  the  following  table  are  from  the  statements  of  the 
owners  or  operators,  and  the  notes  which  follow  under  the  head- 
ings of  "Difficulties"  and  "Remarks"  are  from  the  same  source, 
or  from  my  own  observation. 


Tj'pical  Suction  Gas  Producer  Installation  with  Direct  Connected  Piimi) 
for  Municipal  Water  Works. 


Fig.  28. 

Up-to-date    Gas    Producer    Installation    for    Central    Power    Station 
Manufactured  by  Power  &  Mining  Machinery  Co. 
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Fig.  29. 

Typical   Operating   Floor   of   Producer    Gas    Central   Power   Station    for 
Street  Railway  Service,  Manufactured  by  R.  D.  Wood  &  Company. 


PLANT    NO.     I. 

DifRculties.—VX^Lnt  absolutely  worthless  for  intermittent  service  required 
by  a  gristmill  run  on  the  basis  of  this  one. 

Remarks. — The  owner  of  the  mill  believes  that  he  was  worked  by  the 
agent  by  misrepresentations  in  buying  the  plant.  The  agent  claimed  that 
this  plant  would  do  everything  exactly  as  he  desired,  i.  c.  it  would  be  just 
the  plant  for  variable  demands ;   it  would  fill  the  bill  exactly. 

He  believes  thoroughly  in  this  type  of  power  for  continuous,  or  for 
ten  hour  service  daily,  but  finds  it  worthless  for  his  use.  He  fought  pay- 
ment a  long  time  but  finally  settled  rather  than  have  a  lawsuit.  He  wants 
to  get  rid  of  the  plant,  and  says  that  he  has  written  the  company  many 
times  trying  to  get  them  to  take  it  off  his  hands. 

He  believed  that  the  company  hasn't  men  competent  to  install  and 
operate  plants.  This  was  illustrated  by  the  use  of  a  wooden  barrel  for  an 
exhaust  drum :  Result,  barrel  caught  fire  and  half  of  it  was  burned  up.  It 
as  only  by  good  luck  that  the  cns'irill  was  not  burned  down.  He  showed 
this  to  the  erecting  man  (who  was  then  putting  in  the  waterworks  plant) 
but  he  "didn't  care  a  1" 

He  said  the  company  would  have  had  a  chance  to  install  a  plant  in  the 
neighboring  town,  if  they  could  have  started  his  without  difficulty,  but  it 
took  them  so  long  to  get  his  to  running  properly  that  the  other  people 
would  have  nothing  to  do  with  it.  He  believes  that  the  company  >■  hurting 
itself   seriously  by  its  methods. 

PLANT   NO.    2. 

Difficulties. — Serious  clinkering ;  producer  well  filled  with  clinkers  after 
each  day's  run;  large  quantities  of  clinkers  taken  out  every  night;  operator 
says    he   has   a    "fierce'    time.      He    say>   that   he    sometime!^    gets    coal    that 
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does  not  clinker  badly.  The  plant  fails  to  respond  to  the  variable  load 
demands  so  the  operator  has  to  help  out  with  city  gas. 
J  Remarks. — The  operator  thinks  the  plant  uses  30  H.  P.  when  running 
tHall.  This  load  comes  on  suddenly  at  times.  He  thinks  the  engine  can  do 
tlie  business,  but  does  not  get  gas  enough  from  the  producer.  Somebody 
fias  told  him  that  the  producer  was  too  small  for  the  work  demanded 
df  it. 

;  During  my  visit  the  operator  kept  jumping  constantly  from  the  air 
compressor  to  the  city  gas  valve  admitting  more  or  less  gas  to  the  eng'ine 
cis  the  occasion  required.  He  also  had  to  vary  his  air  supply  continually  to 
secure  proper  mixture.  'He  practically  had  to  nurse  the  plant  along  at 
all  times. 

I  noted  that  he  knew  nothing  of  the  theory  of  the  working  of  the 
plant,  and  further  that  he  knew  nothing  of  the  construction  or  arrange- 
ipent.  The  inlet  air  valves  to  the  producer  were  both  closed  so'  the  engine 
could  draw  little  air  or  steam  through  the  producer.  He  did  not  know 
that  he  had  any  steam,  and  if  he  did  have  he  did  not  know  where  it  went 
to  or  where  it  was  supposed  to  go.  He  usually  has  to  shut  down  at  noon 
in  order  to  blow  his  fires  to  secure  gas  for  the  afternoon  run.  This  blow- 
ing process  requires  about  an  hour. 

My  impression  was  that  the  engine  was  actually  running  on  city  gas — 
was  doing  the  work  required  and  incidentally  "dragging"  the  producer 
besides.  I  think  the  producer  was  furnishing  very  little,  if  any,  CO.  The 
engine  must  have  been  pulling  some  air  through  the  producer,  probably 
through  cracks  around  the  doors  and  plugs,  but  it  was  not  getting  its  air 
through  the  proper  channel.  I  believe  little  or  no  steam  was  getting  into 
the  fires.    The  producer  was  hot,  too  hot. 

The  indications  were  that  the  producer  was  well  filled  with  clinkers  at 
the  time  of  my  visit. 

Last  month's  city:  gas  bill  would  tend  to  verify  the  above  conclusions 
as  it  amounted  to.  $60,  according  to  the  operator.  He  claimed  that  there 
had  been  months  when  the  city  gas  bill  was  only  about  $3.  He  said  he 
feared  the  action  of  the  "boss"  when  he  found  what  the  bill  was  this 
month. 

The  plant  was  installed  either  in  December,  1905,  or  January,  1906.  The 
present  man  had  been  operating  it  seven  months.  He  claim.s  that  the  plant 
was  put  in  with  the  understanding  that  it  would  cost  only  $1.50  per  day  to 
operate  it,  as  the  man.  who  attended  it  could  work  on  other  things,  etc. 
He  claims  that  at  the  present  time  it  is  costing  per  day : 
•     ■  $1.50  for  coal, 

2.00  for  gas, 
2.50  for  service. 
I  believe  that  the  price  for  coal  and  operators'  services  are  some^yhat  pushed 
in  this  estimate. 

The  engine  had  been  running  for  three  years,  and  he  said:  "Without 
■even  having  a  screwdriver  put  to  it."  It  seemed  to  be  operating  fairly 
well,  although  with  the  erratic  conditions  it  was  somewhat  difficult  to  deter- 
mine this  point. 

The  producer  is  charged  with  fuel  three  times  every  day — morning,  noon, 
and  night. 

The  foreman  of  the  plant  seemed  well  satisfied  with  the  uniformity  in 
the  running  of  the  plant  as  far  as  he  had  noticed.  The  owner  of  the  plant 
was  not  there. 

PLANT   NO.   3. 

DiMcidties. — Claimed  none;  plant  running  very  steadily  during  my  visit; 
I  understood  there  was  some  difficulty  when  the  plant  was  first  started  two 
years  before,  but  the  present  operator,  who  had  been  with  the  plant  about 
one  year,  claimed  to  have  experienced  no  difficulty  whatever. 

Remarks.— The.  operator  reported  that  he  found  considerable  difference 
in  the  various  loads  of  coal  delivered  to  the  plant,  one  load  causing  no 
trouble   from   clinkers,  and  the  next  load  giving  considerable  trouble.     He 
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regarded  the  producer  too  small  for  the  engine  and  the  load  carried.  He 
felt  that  the  producer  should  be  large  enough  to  require  charging  only 
every  two  hours — without  letting  the  bed  get  low.  He.  claimed  that  there 
had  be'en  no  shut-downs  of  the  shop  on  account  of  the  producer  plant  during 
his  year  of  service.  One  of  the  office  force  \vhoih  1,, interviewed  seemed 
perfectly  satisfied  with  the  operation  of  the  plant, '!','.'!  ?..  ' 

PLANT    NO.    4.  .  . 

Difficulties. — None  at  time  of  visit  although  there  was  some  difficulty 
from   clinkers   when  the   plant  was   first   installed.  ■       .    : 

Remarks. — The  plant  had  been  in  ten  months.  The  owner  wanted  a  pro- 
ducer plant,  but  wanted  it  installed  without  any  cost  to  himself  until  it 
had  been  run  thirty  days.  He  says  that  most  of  the  companies  wanted  one- 
third  on  contract,  one-third  on  shipping,  and  one-third  when  installed,  with- 
out even  proving  the  possibility  of  running  successfully.       ,  ^ 

He  says  that  he  finally  found  a  company  that  would  be  glad  to  install 
the  plant  without  a  cent  until  after  thirty  days  of  succeSsfuT  running.  He 
took  up  the  offer  at  once  and  the  plant  proved  entirely,  satisfactory  for 
thirty  days.  .    ' 

About  ten  days  after  the  contract  period,  i.  e.,  forty  days  from  the  time 
of  installation,  they  had  considerable  trouble.  He  found  that  the  operator 
sent  by  the  producer  company  knew  no  better  what  the.trduble  was  than 
his  own  man.  Finallv  thcv  found  that  the  trouble  was  caused  by  a  bridge 
of  clinkers.  After  that  exoerience  the  plant  ran  very  "satisfactorily.  *  The 
owner  is  very  enthusiastic  about  the  plant  and  would  not  do, without  it.  He 
claimed  that  the  plant  cost  him  35c  per  day  of  ten  hours. as'  against  $2.80 
per  day  with  city  gas. 

PLANT   NO.   5. 

Difficulties. — Said  to  be  with  engine  and  generator  rather  than  with  the 
producer.  The  engine  is  imdoubtedly  too  light  for  the  load  carried,  and 
its  construction  was  not  suitable  for  producer  gas  work  which  accounts  for 
the  change  of  engines  which  was  being  made  at  the  time  of-  rtiy  visit. 

City  gas  is  used  in  starting  the  engine,  and  in  case '  of  emergency,  to 
help  out  the  producer.  With  the  new  engine  it  is  thought, that  the  use  of 
city  gas  will  not  be  necessary.  ;•••..•  :    .    , 

Remarks. — If  the  present  installation  turns  out  as  expected  the  fnanager 
says  he  will  increase  the  capacity  as  rapidly  as  possible. 

They  want  to  use  bituminous  coal  if  possible,  and  would  like  a  pro- 
ducer for  this  purpose. 

The  fuel  used  for  this  plant  at  the  time  of  my  visit  consisted  of  one 
part  Pennsylvania  buckwheat  anthracite  and  two  parts  semi-anthracite  from 
Bernice.  :  ; 

The  engineer  claimed  that  he  could  regulate  the  height  of  the  clinker 
bed  at  will  with  this  combination  of  fuels. 

Another  semi-anthracite  coal  which  has  been  used  to  some  extent  is  known 
as  Spadra.  ■  _ :  ' 

When  I  visited  the  plant  in  the  evening,  a  limited  amount  of  city  gas 
was  being  used  to  keep  the  engine  up  to  the  full  steady  load. 

PLANT    NO.    6. 

Difficulties. — None,  if  the  plant  is  properly  handled, .  and  supplied  with 
proper  coal. 

Remarks. — The  owner  claims  that  the  success  of  the  plarit  depen(}s  en- 
tirely upon  the  method  of  handling  and  the  coal  used.  He  says  the  pro- 
ducer company  knows  nothing  about  running  the  plant.  His  o\vn  com- 
pany had  to  study  the  plant  and  had  to  run  it.  They  got  no  help  from  the 
producer  company.  He  further  says  that  other  plants  of  the  same  make 
have  failed  simply  because  of  lack  of  ability  and  intelligence  on  the  part 
of  both  the  people  using  the  plant  and  the  producer  people.  He  thinks 
he  could  make  a  great  thing  out  of  the  producer  business.  He  is  exceedingly 
enthusiastic  over  the  proposition  and  thinks  his  producer  installation  is  "just 
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O.  K."  He  docs  not  want  anything  better — it  just  suits  him.  He  can't 
speak  too  highly  of  the  plant,  but  does  not  feel  that  any  credit  is  due  the 
producer  people.  The  credit  belongs  to  himself  and  his  company  who  run 
the  business  and  are  interested   in  having  things  right. 

The  owner  wants  either  Nottingham  or  Plymouth  Pennsylvania  anthra- 
cite, No.  I  pea.  Must  have  one  or  both  of  these  for  good  results.  Can  run 
on  other  coals  but  has  trouble  with  clinkers,  and  more  work  is  required 
in  operating. 

The  instaliatiou  impressed  me  as  being  excellent.  The  room  was  clean 
and  well  cared  for. 

I  was  told  that  the  total  water  cost  for  this  plant  was  equal  to  the 
coal  cost 

PLANT    NO.    7. 

DUHculties. — None;  have  to  look  out  for  tar  in  the  valve  stem.  No 
trouble  with  the  producer  at  all ;  had  a  little  trouble  with  the  engine  just 
at  first. 

Remark.}. — The  owner  claimed  that  10  H.  P.  on  gasoline  cost  $1.20  per 
day  of  ten  hours.  He  claimed  that  this  plant  using  only  40  to  50  H.  P.  saves 
him  $i,50C:  per  year  over  any  other  fuel.  He  figures  that  it  costs  him  a  bit 
over  a  dollar  per  day  of  ten  hours  for  50  H.  P.  He  says  his  average  cost 
is  80  or  Qoc  per  day. 

The  plant  was  put  in  in  June,  1905.  He  says  he  would  not  take  $10,000 
for  it  if  he  could  not  get  another  like  it. 

He  thinks  little  of  the  ability  of  the  man  sent  out  by  the  producer 
company  to  install  the  plant.  There  were  two  or  three  men  in  the  plant 
at  the  time  of  my  visit  who  could  operate  it  with  perfect  ease. 

It  wa5  running  very  nicely  during  my  visit  and  was  not  tampered  with 
in  any  way.  The  14-horse-power  planer  was  suddenly  thrown  on.  The 
engine  s'owed  down  a  bit  but  picked  the  load  up  well. 

The  engine  is  started  by  compressed  air.  The  gauge  registered  no  at 
the  time  of  my  visit. 

City  gas  is  connected  for  use  in  time  of  emergency,  although  they  claim 
that  it  has  not  been  turned  on  for  months. 

T  was  ^  'Id  that  the  installation  of  this  plant  has  brought  the  insurance 
way  down. 

PLANT    NO.    8. 

DiiHculiics. — "Ali  kinds" — plant  not  running.  Runs  at  times,  not  at  others. 
Clinkers  badly,  and  the  operator  finds  it  impossible  to  get  the  blast  of  steam 
through  The  operator  seemed  to  think  that  with  a  clean  producer  (was  just 
cleaning  out)  and  with  new  coal  thej'  could  probably  handle  the  plant  with- 
out further  trouble.  Up  to  the  present  time  (the  plant  had  been  installed 
eight  montli-)   it  had  done  little. 

The  engine  igniters  had  to  be  filed  every  day.  They  seemed  to  be  very 
soft,  and  looked  pounded  as  though  the  spring  were  too  strong. 

They  had  smashed  six  inlet  valves  during  the  eight  months. 

The  engines  are  of  the  gasoline  type,  converted. 

Remarks. — ^The  operator  claims  that  he  can  start  the  plant  in  twenty  or 
thirty  minutes  at  times,  but  not  at  all  others.  The  two  adjoining  towns 
were  without  water  for  three  days  at  one  time.  The  water  works  hnrl  an 
old  steam  plant  but  this  was  broken  down.  It  reouired  five  hours  to  start  the 
producer  plant.  As  the  operator  says,  "They  would  have  been  in  a  fix  if  fire 
had  broken  out." 

The  operator  seemed  to  believe  producer-gas  to  be  the  coming  power,  but 
admitted  that  he  did  not  know  how  to  handle  it  at  present.  He  seemed  to 
think  that  the  producer  companv  did  not  know  much  more  about  it.  a'=  the 
man  sent  to  erect  the  plant  had  difficulty  in  onerating  it.  "Get  the  money 
seems  to  be  the  principle  of  the  manufacturers."  He  said  they  did  not  seem 
to  have  competent  men  to  put  up  and  start  the  plant.  The  men  who  erf^rted 
this  plant  were  young  fellows,  twenty  or  twenty-two  years  old,  with  "swelled 
heads "     The  operator   said   that  he  made  out  that   one  of  the  men   sent  to 
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«rect  the  plant  must  be  at  least  io6  years  old,  if  he  could  judge  by  his  ex- 
perience, as  he  claimed  to  have  been  in  every  line  of  business  from  hotel 
clerk  to  erecting  gas  producers,  including  four  years  in  college. 

My  own  impression  in  this  case  and  in  that  of  Plant  No.  i  led  mc  to  be- 
lieve that  the  manufacturers  were  not  giving  proper  attention  to  their  plants. 
As  soon  as  they  secure  the  money  they  seem  to  let  things  run  along  without 
any  further  attention.  , 

PLANT   NO.  9. 

Difficulties. — The  engineer  claimed  none  at  the  present  time  but  stated 
that  as  this  was  an  early  type  of  producer  he  found  it  necessary  to  make 
several  minor  changes  in  the  steam  supply  pipe,  etc.,  to  secure  good  oper- 
ation. 

Remarks. — Minor  fluctuations  in  the  speed  of  the  engine  were  noted.  The 
engineer  claimed  that  this  occurred  only  when  the  engine  was  under  heavy 
load.  My  impression  at  the  time  was  that  these  fluctuations  were  due  to 
variations  in  the  quality  of  the  gas.  They  were  not,  however,  serious  or 
frequent. 

Electric  lights  were  thrown  on  and  off  without  apparent  fluctuations  of 
the  engine.     The  light  was  fair  in  quality  and  steadiness. 

PL.ANT   NO.    ID. 

Difficulties. — None. 

Remarks. — This  plant  had  been  running  since  February,  1906.  and  no 
shut-downs  had  been  made  on  account  of  any  failure  in  the  operation  of  the 
plant.  They  had  been  troubled  with  clinkers  only  pnce.  The  owner  ad- 
vises the  thorough  cleaning  out  of  the  generator  everj-  three  month.s.  He 
said  that  without  counting  the  cost  of  water  in  either  case,  steam  power 
■costs  him  $100  per  month,  while  the  cost  of  operating  the  present  plant  is 
less  than  $25  per  month.  He  had  not  paid  a  cent  for  repairs. 

The  large  producer  plant  was  bought  in  order  to  have  sufficient  power 
for  the  second  engine,  if  desired  later. 

He  stated  that  he  had  operated  many  steam  plants  in  the  old  country 
and  knows  the  steam  proposition  thoroughly.  He  is  exceedingly  enthusiastic 
regarding  the  operation  of  his  producer  plant.  He  s^id  that  every  manufac- 
turing establishment  in  the  vicinity  has  watched  the  producer  installation 
very  closely,  believing  it  to  be  a  foolish  venture,  but  now  others  arc  think- 
ing of  making  similar  installations.  The  men  in  the  shop  arc  crmstantly 
beine  asked  by  outsiders   if  they  haven't  had  to  shut  down  yet. 

There  was  no  apparent  noise  of  the  exhaust  in  approaching  the  plant. 
An  exhaust  pit  is  used.  There  was  no  more  noise  than  with  the  ordinary 
steam  plant  of  the  same  size,  and  nothing  visible  such  as  smoke,  steam,  or 
chimneys.  Upon  approaching  the  plant  I  was  very  much  in  doubt  whether 
the  producer  was  running.  The  installation  is  very  neat.  The  plant  was  not 
touched  during  my  visit  and  was  running  very  well. 

PLANT    NO.    IT. 

Difficulties — None. 

Remarks. —The  plant  had  been  operating  one  year.  The  engineer  claims 
that  during  the  year  they  have  been  .shut  down  only  three  hours  which  was 
due  to  a  water  leak  in  the  ensrine  cylinder  head. 

The  engineer  has  entire  charee  of  all  machinery,  etc..  including  the  sew- 
ing-machines. He  employs  a  boy  who  attends  to  the  packing  and  shipping 
of  goods,  and  feeds  the  fuel  into  the  producer  and  pokes  the  fire  occasionally. 

They  intend  to  enlarge  the  plant  to  150  H.  P 

'"    \\T     -VO.     IJ 

Difficulties. — The  operator  claims  none.  He  like-  the  plant  and  is  anx- 
ious to  get  all  the  information  possible  in  order  to  equin  himself  for  the 
prooer  handling  of  such  plants.  T  was  much  pleased  with  his  appearance, 
abib'tv,  and   enthusiasm. 

Remarks.— The  fuel  ns-^d.  anthracite  No.  i  pen.  looked  dull  and  poor  but 
seemed  to  work  well.  There  was  also  a  pile  of  brieht  anthracite.  The  oner- 
ator  rlaimod   that   the  mixture  of  thosr  two  coals  caused    morions   Hinkorine 
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He  also  claimed  that  the  re-use  of  partially  burned  coal  from  the  generator 
produces  clinkers. 

PLANT    NO.    13. 

Remarks. — Engine  reported  as  "N.  G."  The  plant  was  installed  in  Jan- 
uary, 1906,  ran  about  half  of  the  time  for  four  months  and  then  the  engine 
broke  down  and  has  not  run  since.  At  the  time  of  my  visit  the  power  was 
furnished  by  a  steam  engine.  They  may  possibly  get  back  to  gas  if  th'ey  can 
find  a  good  gas  engine. 

The  "engine  was  not  designed  for  producer-gas  work.  In  fact,  its  only 
qualification,  in  my  opinion,  was  its  low  cost. 

The  use  of  such  engines  is  a  serious  drawback  to  the  success  of  producer 
installation. 

PLANT  NO.   14. 

Remarks. — In  recent  installations  for  a  guaranteed  service  of  twenty-four 
hours  per  day,  this  producer  company  is  putting  in  two  gas  generators  as 
they  find  it  necessary  to  draw  the  fires  from  one  generator  each  Sunday,  that 
is,  once  a  week.  /. 

PLANT  NO.  15.  ■ 

Remarks. — Plant  had  not  been  in  operation  for  several  weeks. 

Several  men  from  the  producer  company  had  just  over-hauled  the  vplant. 
It  had  been  in  only  a  short  time  but  the  producer  was  being  relined/-  ■  New 
bearings  were  being  put  in  for  the  crank  shaft,  etc. 

'  r  One.  of  the-  men  remarked  that  the  plant  was  in  terrible  sh^pe  and  who- 
ever had  charge  of  it'  ought  to  be  lynched.  Inquiry  from  a  "native"  regard- 
ingiithe  operator  of  the  plant  indicated  that  ijt  is  the  usual  story  iol:a  poor 
man;  more  than  a  poor  machine.  -:'    '  . 

He  was  described  as  "no  good  and  very  font?  .of  his  'jag'."  'The; report 
was  that:  his  saloon  bill  was  about  $40  per  month — that  he  was  in  the  habit 
of  getting  a  "jag  on"  several  times  a  week,  leaving  the  operalion  of  the  plant 
to  a  helper  w^ho  knew.4'ittle  or  nothing  of  its  requirements. 

'     ''''    \^^:^'"\y',   °/'l'         plantIjo.  16'.. 

Repnarks.—Flant  not  running  when  visited.  It  is  a  new  plant  erected  in 
the  spring  of  1906  and'  presented  an  excellent  appearance.  The.  engineer 
stated  that  the  company  that  installed  the  plant  never  instructed  any  man 
definitely  about  running  it.  He  finds  himself  able  to  run  it  at  times,  but  not 
atiiOthers.  He  never  knows  whether  he  is  to  get  gas  of  good  quality  or  not. 
After  it  is  once  started  he  says  it  runs  well  but,  as  he  put  it,-  the  fact  is 
that  he  knows  nothing  about  running  it,  and  has  never  been  shown.  He 
seemed  to  be  an  able,  intelligent  man  and  desired  instructions. 

The  man  who  erected  the  plant  is  reported  to  have  gone  around  the  cor- 
ner of  the  building  every  time  he  consulted  his  blue  prints  for  fear  the  engi- 
neer and  others  would  see  them  and  gain  some  knowledge  of  the  construc- 
tion of  the  plant.  At  other  times  the  blue-prints  were  kept  locked  up.  .  I  was 
informed  that  an  operator  of  a  similar  plant  in  another  part  of  the  country 
was  sent  to  this  plant  later  and  operated  it  with  no  difficulty.  :, 

At  the  time  of  my  visit  the  water  for  the  town  was  pumped  by  a  gasoline 
engine  which  the  engineer  had  no  trouble  in  operating.  _  Fortunately  the  town 
had  never  had  electric  lights,  consequently  did  not  seriously  miss  them. 

Compressed  air  was  used  for  starting  the  producer-gas  engine.  This  air 
was  pumped  by  the  gasoline  engine  which  at  that  time  was  pumping  water, 
but  in  regular  operation  the  air  is  compressed  during  the  run,  and  kept  in 
reserve. 

Blast  for  starting  the  producer  was  furnished  by  a  small  blower,  driven 
by  a  small  gasoline  engine  installed  for  the  purpose. 

PLANT  NO.  17. 
Remarks. — The   producer   operator  whom   I    saw   is  a   regular   "Bowery" 
type.     His  whole  idea  of  the  plant  is  centered  in  the  ease  of  operation.     He 
said  he  was  formerly  a  steam  engineer.     He  likes  the  producer  "all  right,  all 
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right,"  as  he  can  sleep  and  let  it  run  itself,  and  can  go  out  of  doors  when  he 
pleases  "to  get  a  breath  of  air  and  watch  the  people."  He  says  he  likes  ease 
and  rest. 

He  had  just  succeeded  in  smashing  two  holes  in  the  engine  cylinder-head 
so  that  the  plant  was  shut  down  for  repairs  on  the  engine.  He  claimed  to 
run  from  120  to  125  hours  without  shutting  down,  and  then  to  take  about 
six  hours  for  cleaning,  etc. 

The  producer  had  been  installed  about  two  years;  the  present  engine 
about  four  months.  The  plant  was  provided  with  the  Combustion  Utilities 
Company's  process.  This  had  been  in  operation  only  four  weeks.  The 
producer  operator  liked  this  new  process  because  he  could  sleep  for  six 
hours  without  bothering  his  head  about  charging  the  producer,  whereas,  with 
the  ordinary  method  he  had  to  charge  every  two  hours.  "Now  I  fills  her  up 
chuck,  den  I  takes  me  nap  fur  five  or  six  hours,  see?  Gas  producers  fur  mine, 
every  time,  you  bet." 

PLANT  NO.   18. 

Difficulties. — All  kinds  at  first;  changes  have  been  made  ever  since  the 
plant  was  installed ;  a  new  2  or  2j^  inch  top  plate  was  put  on  in  place  of  the 
5^  inch  plate  used  by  the  manufacturers. 

The  superintendent  claimed  the  vaporizer  never  made  steam  so  he  intro- 
duced a  steam  pipe  from  the  boilers  to  help  out,  etc.,  etc. 

The  plant  was  shut  down  at  the  time  of  my  visit  on  account  of  clinkers. 
The  operators  must  have  taken  out  two  bushels  of  clinkers  in  large  masses. 
The  superintendent  claimed  that  they  had  had  no  such  trouble  in  three 
months — as  his  former  operator  handled  the  plant  well,  but  they  had  to  let 
him  out  on  account  of  drunkenness.  It  seemed  that  during  the  last  days  of 
the  service  of  the  former  operator  the  plant  was  not  properly  cleaned  and 
the  clinkers  began  to  accumulate. 

Remarks. — Had  difficulty  in  getting  permission  to  see  the  plant.  The  su- 
perintendent was  veity  suspicious  but  finally  consented  to  my  going  in  with 
him.  "r 

He  said  that  the  gas  producer  company  showed  no  interest  in  the  plant 
whatever;  he  would-inot  have  the  plant  if  it  were  out,  but  as  long  as  he 
rfes  already  put  it  in,  he  is  making  the  best  of  it.  He  is  changing  it  in  every 
way  possible,  and  claims  that  it  has  been  running  well  for  three  months.  The 
former  operator  of  the  plant  was  paid  $1.63  per  day. 

The  superintendent  believes  in  producer-gas  plants,  but  not  in  the  one 
installed  by  this  company.  I  was  unable  to  learn  of  any  other  installation 
of  this  make  of  producer. 

PLANT  NO.   19. 

Difficulties. — They  burn  out  the  "bell"  or  "thimble"  about  every  six  weeks. 
The  last  period  was  only  one  month.'  The  producer  was  shut  down  during 
my  visit  on  this  account.  The  engine  was  running  on  city  gas.  The  cast- 
iron  thimble  actually  melts,  which  indicates  a  very  high  temperature  and 
probable  lack  of  moisture  in  operating  the  producer.  As  the  plant  has  its 
own  foundry  they  are  able  to  cast  their  own  thimbles  and  keep  extra  ones 
on  hand. 

Remarks. — They  claim  to  have  no  trouble  from  clinkers  and  never  draw 
the  fires  save  when  the  thimbles  burn  out. 

The  engine  ran  poorly  on  city  gas ;  it  back-fired  badly  and  the  speed 
seemed  low.  The  operator  claimed  that  the  speed  was  always  fifty  revolutions 
lower  on  city  gas  than  on  producer  gas. 

The  plant  began  operating,  I  believe,  in  February,  1906. 

PLANT    NO.    20. 

Difficulties.— Clinkers.  Ran  nicely  on  charcoal  costing  $11  per  ton  but 
failed  on  coal  costing  from  $4  to  $5  per  ton.  The  superintendent  said  the 
engine  was  "O.  K."  but  the  producer  "N.  G."  The  plant  had  been  in  one  and 
a  half  years  but  had  not  beer,  run  for  two  months.  They  claim  to  have  re- 
ceived no  assistance  from  the  firm  save  a  little  from  one  of  the  men  who 
erected  the  plant. 
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They  had  an  operator  who  could  handle  the  plant  very  successfully  but 
he  left  two  months  before  my  visit  and  they  had  not  been  able  to  run  since. 
After  he  left  their  employ  he  came  back  once  or  twice  and  ran  the  plant  suc- 
cessfully but  the  other  operator  could  not  handle  it.  It  clinkered  badly 
after  two  or  three  days  so  that  it  was  impossible  to  run. 

They  claim  that  at  one  period  the  plant  run  successfully  without  cleaning 
for  eleven  hours  per  day  for  three  weeks,  but  upon  investigation  they  found 
that  the  operator  had  used  two-thirds  charcoal. 

They  say  that  the  failure  of  this  plant  has  killed  the  producer  business 
in  this  region  for  this  produced  company,  and  has  seriously  hurt  it  for  all 
others. 

I  was  told  by  disinterested  parties  that  the  chief  difficulty  with  this  plant 
is  due  to  the  fact  that  the  owners  will  pay  only  $40  per  month  for  a  man  to 
Tun  the  whole  plant,  and  won't  pay  anybody  to  put  it  into  proper  shape  for 
successful  operation. 

A   125  H.   P.  motor  was  operating  the  plant. 

PLANT    NO.    21. 

Remarks. — This  plant  had  been  running  about  nine  months.  It  was 
equipped  with  the  apparatus  of  the  Combustion  Utilities  Company. 

The  plant  is  reported  to  work  splendidly  since  the  above  equipment  was 
added  although  prior  to  this  addition  some  back  firing  and  pre-ignition  were 
experienced. 

According  to  the  Superintendent,  the  company  is  greatly  pleased  with  the 
results  of  the  plant  at  present.  Previous  to  the  addition  of  the  equipment 
of  the  Combustion  Utilities  Company,  the  compression  carried  by  the  engine 
was  120  lbs.    At  the  present  time  they  are  carrying  about  200  pounds. 

PLANT  NO.  22. 

DifUculties. — Plant  seemed  to  run  fairly  well.  According  to  the  state- 
ment of  the  owner  there  was  some  trouble  at  first.  They  have  some  trouble 
with  the  magneto,  the  spark  being  cut  out  at  times.  This  happened  while  1 
was  present  when  they  shut  down  the  plant. 

They  have  some  trouble  with  poor  gas  occasionally — some  weeks^  there 
are  no  shut-downs  while  at  other  times  there  will  be  two  or  three  in  one 
week.     These  are,  however,  of  short  duration. 

Occasionally  they  have  been  slightly  troubled  with  clinker?. 

PLANT  NO.  23. 

Difficulties. — Plant  was  installed  about  Christmas,  1905.  It  was  three 
months  before  they  could  operate  it ;  clinkered  badly.  Top  of  generators 
burned  out  and  had  to  be  rebuilt. 

Had  more  or  less  difficulty  with  the  engine  also.  The  fly-wheel  is  180 
pounds  out  of  balance.  They  claim  it  is  no  "fault"  of  the  manufacturers 
that  the  plant  runs  at  all. 

Remarks. — The  engine  is  located  about  135  feet  from  the  producer. 

A  125-horse-power  producer  was  installed  at  first.  A  second  and  larger 
producer  had  to  be  installed  so  that  they  could  be  worked  alternately  if  de- 
sired.   They  were  both  running  at  the  time  of  my  visit. 

For  the  first  three  months  the  plant  resulted  in  heavy  loss  to  the  com- 
pany, but  the  manager  believed  thqt  they  would  make  it  up  by  the  end  oi 
twelve  months  due  to  the  economy  of  the  plant.  He  says  they  would  not  in- 
stall such  a  plant  if  they  had  to  depend  upon  it,  but  they  can  change  to 
steam  in  six  hours  time  if  driven  to  it.  They  usually  start  the  plant  by  steam 
until  it  is  in  full  operation. 

They  find  that  Lehigh  Valley  coal  mixed  with  other  coal  clinkers  badly. 

PLANT   NO.    24. 

Difficulties. — Troubles  at  first;  producer  was  too  small;  had  to  get  larger 
producer;  the  valve  cams  were  wrong;  manufacturers  would  not  show  them 
anjrthing. 

The  producer  company  claimed  that  all  the  troubles  were  due  to  the  fact 
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that  a  steam  engineer  was  in  charge  of  the  plant.  The  owner  was  satis- 
■fied  that  this  was  not  the  case,  so  he  fought  it  out — got  a  larger  producer, 
reground  the  cams,  had  the  valves  reset,  and  now  has  the  plant  running  in 
excellent  condition. 

Remarks. — This  plant  was  installed  in  Januar>%  1906.  A  long  time  was 
spent  looking  into  the  matter.  Minneapolis.  Chicago.  Philadelphia,  etc.,  were 
visited  in  order  to  size  up  various  plants.  The  engine  was  what  decided  the 
choice.  Don't  like  vertical  engines  as  they  want  an  engine  where  they  can 
put  their  hands  on  any  part  of  it. 

Some  difficulty  was  experienced  with  magnetos. 

They  have  had  some  trouble  caused  bv  the  stripping  of  the  thread  of  the 
engine  valve  stems.     This  happened  while  I  was  present. 

They  are  running  the  exhaust  into  the  fire  box  of  the  vertical  boiler  for 
heating  water  and  also  doing  away  with  the  exhaust  noise. 

The  engine  was  belted  to  a  150  K.  W.  electric  generator. 

They  handle  the  clinkers  in  .the  producer  rather  successfully  with  bent 
pokers.     They  have  had  to  put  extra  holes  in  the  producer  for  this  purpose. 

The  plant  is  very  neat  and  apparently  well  understood. 

PLANT  NO.  25. 

DiMcuUies. — A  good  deal  of  trouble  by  back-firing.  At  the  time  of  my 
visit  the  electric  generator  was  sparking  seriously,  and  burned  out  before  I 
left  the  plant. 

Remarks. — On  the  whole  the  company  seemed  to  be  fairly  well  pleased 
with  the  results. 

The  method  of  handling  the  producer  was  wasteful  of  fuel  as  about  one- 
third  of  the  coal  charged  to  the  producer  was  taken  out  unburned  in  the  ash. 
This  mixture  of  ashes  and  coal  was  used  on  the  walks  about  the  plant. 

PL.ANT    NO.    26. 

DifRculties. — All  kinds  with  the  old  type  producer  which  is  now  being  torn 
down ;  no  difficulty  experienced  with  the  new  type  now  in  operation.  This 
new  producer  is  liked  very  much  by  the  engineer. 

Remarks. — A   second  producer  is  to  be  erected  at  once. 

No  gas  holder;  automatic  steam  control.  Engineer  claimed  it  worked 
well.     Carries  steam  pressure  in  auxiliary  boiler  50  to  80  pounds. 

The  fi'-es  Iiad  not  been  drawn  '^incc-  tlio  new  pbnt  wa.s  put  in  operation 
hve  months  'letore.  The  enLMnccr  thinks  the  difficulties  in  most  rases 
ore  due  to  tiie  operator  P"d  mcthorls  I'scd.  rather  thpn  ti)  the  plants 
themselves  He  believes  in  the  plant,  thoroughly;  is  interested  and  wants  to 
learn. 

The  enp'iie  exhaust  is  run  into  a  pit  filled  with  broken  rock :  the  noise 
is  hardly  noticeable. 

PLANT  NO.  27. 

DiMculties. — None  now;  what  they  dii  have,  the  owner  stated,  were  due 
to  careless  operating  rathf^r  than   inherent   faults  with   the  plant. 

Remarks. — This  plant  had  been  in  operation  about  2^  years. 

Besides  the  gas  used  for  power  this  plant  also  furnishes  the  gas  for 
beating  150  irons  in  the  ironino;  a^-l  pressing  room.  The  heat  is  found  to 
be  steady  and  very  satisfactory.  Thev  formerly  us'^d  city  gas  but  find  the 
present  arrangement  far  more  economicpl.  They  still  have  the  city  gas  con- 
nections for  the  irons  in  the  same  pipe  svstem  but  have  no  occasion  to  use  it. 

They  purify  the  circulating  water  and  use  it  in  another  portion  of  the 
work. 

T  was  told  that  cheaper  fuel  is  used  in  the  producer  than  under  the' steam 
boilers. 

At  present  they  are  laying  the  foundation  for  the  installation  of  another 
engine  in  addition  to  the  present  one. 

The  owner  stated  that  althouerh  he  rc-ards  the  initial  cost  of  such  a  plant 
as  higher  than  the  cost  of  a  corresponding  boiler  plant,  there  is.  in  his  opin- 
ion, e.mvnrnv  in  addition^  to  the  plant,  that  is.  prod>icers  cm  he  ndded  with- 
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out- adding  extra  scrubbers,  holders,  etc.,  and  thus  have  a  reserve  plant  for 
less  cost  than  a  reserve  boiler  plant. 

No  odor  of  gas  was  perceptible  in  the  ironing  room.  This  gas  is  sup- 
plied by  pumping;  a  rotary  blower  is  used  for  this  purpose;  the  pressure  is 
low.    The  gas  burned  with  a  steady  blue  flame. 

PLANT    NO.   28. 

DiMcultics. — Slight  at  first  ^\-ith  mixtures,;  etc.,  but  none  now.  Plant  is 
very  satisfactory.  ,      ;  ir,  ' 

Remarks. — The  plant  has  been  running  over  a  year.  The  engine'  is  directly 
connected  to  150  K.  W.  Crocker-Wheeler  generator. 

They  claim  to  have  had  no  trouble  from  the  action  of  the-  sfllphur.  I 
noted  occasional  back  firing  in  one  end  of  the  cylinder.  .':  ■ 

The  eixhaust  is  used  for  heating  feed  water  for  the  steam  plant;  The  gas 
engine  is  run  in  parallel  with  the  steam  engine.  ■•■    ■ 

No  exhaust  noise;  they  use  large  exhaust  ports  of  special  form  making 
the  pipe  connections  "flaring"  in  such  maoner  as  to  accommodate  , the  ex- 
pansion of  the  gas. 

The  producer  operator  receives  20c  per  hour. 

PLANT   NO.    29. 

DiiHculties. — None  with  producer;  none  with  engine,  mentioned,  although 
the  opinion  seemed  to  be  that  some  of  the  engines  were  not  adapted' td  the 
work  demanded  of  them.  ■'■■'!  ""'"   '^ 

Remarks. — At  the  time  of  my  visit  these  producers  had  ,bee"h  installed 
nearly  7^  years.  One  had  not  had  the  fires  drawn  for  six ''^'ears' Slid '/ten 
months.  The  fire  was  drawn  then  in  order  to  put  a  new  top  drl"^fte 'producer. 
The  lining  of  the  producer  was  found  in  perfect  condition,  and'rt'dt'a  htitk 
was  renewed.  It  had  been  five  years  since  the  fire  was  drawn  iil'the" Second 
producer  and  the  engineer  stated  that  he  did  not  know  when  it  would  be 
drawn,  as  there  was  no  reason  for  doing  it.  ,  -ywv^  ,. 

The  economizer  tubes  filled  after  a  time  so  it  has  been  cwstQpnary  to 
change  these  about  every  two  years.  The  old  tubes  are  cleaned  and, replaced 
two  years  later.  ,v..-..:,'\ 

Engine  (a)  had  been  installed  two  years,  and  had  given  entire  satis^ption. 
It  was  running  well  when  I  visited  the  plant.  '      y-  . 

The  two  engines  (b)  had  been  in  over  seven  years.  They  were  installed 
with  the  original  plant.  The  engineer  objects  to  the  hit  and  miss  governor  on 
engines. 

Engines  (c).  Two  of  these  engines  had  been  in  six  years  and  one,  fiye 
years.     These  were  running  satisfactorily  while  I  was  there.  ,,.,-.. 

Engines  (d)  and  (e)  are  about  1800  feet  from  the  producer  plant.'  i En- 
gine (d)  seemed  to  be  helped  out  occasionally  by  city  gas — "only  oecasion,- 
ally"  I  was  given  to  understand,  but  engine  (e)  was  run  almost  entirely  by 
city  gas.  '  •    '  • 

The  engineer  was  greatly  pleased  with  the  producer  plant.  He."ii5laimpd 
that  he  experienced  no  difficulty  with  the  producers  and  said  that  tjci^y- .gave 
excellent  satisfaction.  One  producer  was  operated  with  autonxatic  'feed, 
but  the  other  was  not.  .  .     .    .d-j- 

PLANT  NO.  30.  ■■■''■ 

Remarks. — Only  one  engine  was  running  during  my  visit ;  this  s'eemed  to 
be  very  steady  in   its  operation.  _  .     .'  ^    j 

Tar  extractors  were  installed  with  this  plant  for  operation  in  cas^  bitumi- 
nous coal   should  be  used. 

PLANT    NO.    31. 

Difficulties. — They- have  had  some  trouble  from  clinkers.  Also,  Iibelieve, 
some  trouble  from  lamp-black.  •' 

Remarks. — The  superintendent  did  not  feel  absolutely  sure  about  the 
power.  He  seemed  to  be  well  satisfied  with  the  plant  on  the  whole,  but  did 
not  feel  that  it  is  absolutely  reliable  under  all  conditions.     He  was  some- 
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what  doubtful  whether,  in  increasing  the  capacity  of  the  power  plant,  to 
add  rtore  producer  gas  units  or  to  put  in  a  steam  plant  to  supplement  the 
present  gas  plant.  He  seemed  inclined  to  the  additional  producer  gas  units 
provided  he  became  positive  of  the  absolute  reliability  of  such  power  for  con- 
tinuous service,  twenty-four  hours  per  day. 

The  plant  was  running  well  at  the  time  of  my  visit. 

PLANT  NO.  32. 
Remarks. — Most  of  the  water  gas  (200  B.  t.  u.)  was  used  for  forges,  etc., 
power  being  a  secondary  matter — a  by-product  as  it  were. 

The  producer  (air),  gas  generated,  was  of  about  90  B.  t.  u.  heat  value. 
The  gas  supplied  to  the  engines  is  a  mixture  of  the  water  and  air  gas  in 
such  proportions  that  its  heat  value  is  in  the  neighborhood  of  115  to  130  B.  t. 
u.  per  cubic  foot. 

The  manager  likes  the  plant  well  enough  but  feels  that  perhaps  they  could 
get  more  out  of  it  than  they  do. 

PLANT  NO.  33. 
Remarks. — The  coal  used  was  Pocahontas  which  is  delivered  at  the  central 
station  and  the  various  plants  are  supplied  with  the  mi.xture  as  it  comes  from 
the  central  station.     Owing  to  the  repeated  handling  the  coal  is  reduced  to  a 
very  fine  condition. 

The  engine  that  was  running  while  I  was  at  the  plant  was  pounding  slight- 
ly. The  engineer  reported  that  they  had  broken  exhaust  levers  occasionally, 
due  entirely  to  the  carelessness  of  the  operator. 

34,000  cubic  feet  of  water  were  used  by  the  plant  per  day.  Water  was 
taken  from  the  near-by  brook  instead  of  from  the  city  service.  The  producer 
man  was  paid  $16  per  week. 

In  operating  this  plant  at  the  present  rate,  water  gas  is  made  only  three 
times  per  day.  and  then  only  for  two  or  three  minutes  at  a  time — long  enough 
to  fill  the  holder.  The  water  gas  is  by  by-passed  and  mixed  with  the  producer 
gas.    A  small  portion  only  of  the  former  was  used. 

The  people  in  the  vicinity  objected  to  the  noise  of  the  exhaust.  Several  de- 
vices had  been  used  to  reduce  this  noise.  At  the  time  of  my  visit  the  plant 
was  using  a  pit  filled  with  broken  rock  which  seemed  fairly  satisfactory. 

The  engineer  says  that  the  men  about  the  plant  were  greatly  pleased  with 
the  producer  at  first — as  with  a  new  toy — but  after  the  novelty  wears  off  their 
interest  flags.  He  says  that  the  plant  must  be  looked  after  and  that  there  is 
a  tendency  on  the  part  of  the  men  to  neglect  it. 

They  have  had  occasional  pre-ignitions,  and  back-firing  but  these  have 
not  been  serious. 

*For  detailed  information  regarding  the  economical  operation  of  the  plants 
designated  Nos.  30  and  33  the  reader  is  referred  to  a  paper  entitled  "Gas  En- 
gines" read  before  the  American  Street  &  Interurban  Railway  Engineers' 
Association,  at  Columbus,  Ohio,  in  October,  1906,  by  Mr.  Paul  Winsor.  Chief 
Engineer  Motive  Power  and  Rolling  Stock,  Boston  Elevated  Railway  Com- 
pany. 

PLANT  NO.  34. 
Remarks. — The  producer  manufacturers  have  not  been  called  upon  for  any 
assistance  since  the  plant  was  installed  in  1900,  but  several  changes  have  been 
made  in  the  plant  which  have  proved  beneficial. 

The  gas  producer  installation  has  been  a  process  of  development  with  this 
company,  the  original  plant  having  been  installed  in  1900.  One  exhauster  was 
run  at  that  time  by  steam  power  and  the  other  by  a  gas  engine.  After 
watching  this  gas  engine  for  a  time  it  was  decided  to  try  gas  for  power  pur- 
poses. A  tandem  engine  with  rotary  valves  like  those  of  a  Corliss  steam 
engine  was  installed.  Grit  would  lift  these  valves  from  their  seats  and  the 
engine  gave  serious  trouble.  Finally  another  type  of  engine  was  tried,  and  as 
it  >vorked  from  the  start  with  no  difficulty,  four  additional  engines  of_  this 
make  had  b^en  installed.  They  were  expecting  to  install,  last  fall,  additional 
engines .  of    the    horizontal,    double-acting    type. 
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Straight  water  gas  is  used  in  many  portions  of  the  plant,  but  when  low 
heats  are  required  a  mixture  of  4^2  parts  producer  gas  (air  gas)  to  one 
part  water  gas  is  used,  giving  a  gas  with  a  heat  value  of  about  135  British 
thermal  units  per  cubic  foot.  For  the  engines  six  parts  of  air  gaj  to  one 
of  water  gas  are  used,  givmg  a  gas  of  about  115  B.  t.  u.  per  cubic  foot. 

Gas  power  has  proved  exceptionally  economical  for  this  plant  as  most 
of  the  producer  gas  which  had  to  be  made  was  wasted  before  the  installa- 
tion of  the  engines. 

The  company  believes  thoroughly  in  this  system  of  power  and  more  and 
more  or  the  plant  is  being  supplied  with  gas  power. 

Ihe  plant  requires  proper  care  which  necessitates  a  good  grade  of  men. 
For  this  reason  the  representative  whom  I  saw  believes  that  there  is  better 
economy  in  labor  in  a  central  power  plant  rather  than  in  separate  engine  in- 
stallations in  various  parts  of  the  factory. 

Every  Sunday  one  engine  is  thoroughly  cleaned  and  the  inlet  valves  and 
mixing  chambers  in  the  others  receive  attention. 

The  dedttctions  made  from  these  visits  are : 

1.  The  plants  as  a  whole  are  giving  remarkable  satisfaction 
considering  the  very  brief  period  of  development  that  has  passed 
since  the  introduction  of  this  type  of  power. 

2.  The  most  serious  difficulty  seems  to  arise  from  the  lack  of 
competent  operators  to  run  the  plants  rather  than  from  inherent 
troubles  with  the  plants  themselves. 

3.  Incompetent  salesmen  are  undoubtedly  to  blame  for  serious 
misrepresentations  and  misunderstandings, 

4.  The  policy  of  some  manufacturers  of  entirely  neglecting 
plants  after  they  are  installed  and  paid  for  has  not  been  farsighted, 
nor  has  the  failure  to  give  the  purchaser  of  a  plant,  or  the  operator, 
full  information  regarding  the  construction  and  methods  of  operat- 
ing. 

The  situation  as  a  whole  at  the  present  time  seems  to  be  very 
favorable  for  the  producer-gas  plant,  both  as  to  cost  of  installa- 
tion, operation,  and  maintenance  and  as  to  reliabilit}'.  With  the 
additional  impetus  given  by  the  successful  demonstration  at  the 
Government  Fuel  Testing  Plant,  that  the  bituminous  coals,  lignites, 
and  peats  can  be  utilized  with  great  economy  in  these  plants,  the 
increase  in  the  introduction  of  this  form  of  power  within  the  next 
few  years  may  surpass  even  the  most  sanguine  hopes  of  the  manu- 
facturers. 

CENTRALIZATION   OF    POWER   DEVELOPMENT   AND  DISTRIBUTION. 

The  rapid  strides  in  electrical  development  will  be  greatly  in- 
creased within  the  next  few  years  by  the  reduction  in  the  cost  of 
power  production  made  possible  by  the  introduction  of  the  gas 
producer.  It  would  seem  ridiculous  to  predict  the  immediate 
doom  of  the  steam  locomotive,  yet  one  of  the  officials  of  the  New 
York  Central  Railroad  has  publicly  stated  that  in  his  opinion 
there  will  be  no  steam  locomotives  operating  on  the  New  York 
Central  road  in  ten  years.  Already  the  "New  York  Central"  has 
substituted  electric  power  on  its  lines  from  New  York  City  to  a 
point  about  forty  miles  from  the  Grand  Central  station,  and  it  is 
rumored    that   before    long   electric   trains    will    be    running   from 
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New  York  to  Buffalo.  The  "Pennsylvania"  is  to  do  away  with 
the  steam  locomotive  between  Atlantic  City  and  Philadelphia,  and 
the  "Xew  York,  New  Haven  &  Hartford"  is  following  the  same 
tendency  by  running  its  trains  from  Stamford.  Conn.,  to  New 
York  City  by  electric  power. 

These  rapid  changes  are  leading  to  one  end — The  Centralization 
of  Pozvcr  Development  and  Distribution.  Now  that  it  is  com- 
mercially possible  to  transmit  electrical  power  for  distances  of  250 
or  more  miles,  a  central  plant  could  distribute  such  electric  current 
for  a  distance  of  500  miles,  i.  e., — 250  miles  either  side  of  the  plant, 
thus  covering  an  area  of  almost  200,000  square  miles — an  area 
nearly  four  times  the  size  of  the  state  of  Illinois.  The  logical 
location  of  such  a  plant  is  at  or  near  the  mines.  With  ten  or 
twelve  of  these  great  central  plants  located  at  the  various  mine 
centers,  the  great  railroads  of  the  United  States  can  send  their 
trains  speeding  from  the  Atlantic  to  the  Pacific  coast ;  and  the  pas- 
sengers, as  well  as  the  towns,  through  which  the  trains  pass,  will 
be  entirely  freed  from  the  usual  annoyance  of  smoke  and  cinders, 
and  the  disastrous  fires  caused  by  sparks  from  locomotives  will 
be  a  thing  of  the  past. 

In  conclusion  I  desire  to  express  my  appreciation  of  the  kind- 
ness of  the  Power  &  Mining  Machinery  Co.,  R.  D.  Wood  &  Co.. 
Wile  Power  Gas  Co.,  Olds  Gas-power  Co.,  The  Smith  Gas  Power 
Co.,  The  Minneapolis  Steel  &  Machinery  Co.,  The  Westinghouse' 
Co.,  and  the  Otto  Gas  Engine  Works,  in  supplying  valuable  data 
and  photographs ;  and  I  also  wish  to  thank  my  assistants  at  the 
Fuel  Testing  Plant  for  valuable  services  rendered  in  preparing 
the  numerous  tables  and  charts. 

DISCUSSION". 

President  Abbott:  1  appreciate  the  cnil;arra^>ing  position  in 
which  the  gas  engne  expert  is  placed  when  he  attempts  to  discuss 
the  ^as  engine  ])roposition  together  with  the  steam  prc>position  and 
try  to  be  fair  to  the  steam  engine.  Init  1  think  that  Professor  Fernakl 
lias  succeeded  in  this. 

Mr.  C.  E.  Sargent,  m.w.s.e.  :  I  have  been  very  much  interested 
in  listening  to  the  presentation  of  this  paper. 

For  several  years  1  have  been  trying  to  impress  upon  the  engineers 
of  this  country,  and  especially  the  engineers  of  Chicago,  the  possi- 
bilities of  the  gas  engine  and  producer,  but  being  "from  Missouri" 
they  have  always  wanted  to  be  shown.  The  gas  engine  and  producer 
have  come  to  stay  and  the  results  obtained  from  such  a  combination 
are  in  many  cases  exceeding  our  anticipations. 

There  is  one  statement  n  this  paper  upon  which  1  want  a  little 
more  infonnation  before  I  can  entirely  agree  with  the  author;  and 
that  is  that  as  gas  engines  increase  in  size  we  may  expect  higher 
efficiencies,  just  as  we  get  higher  efficiencies  in  steam  engines  a?  the 
cylinders  increase  in  volume.  Of  course,  in  steam  engines  in  which 
the  size  of  cylinders  is  practically   unlimted  our  volimie  incren-es 
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as  the  cube,  while  the  surfaces  where  condensation  takes  place  only 
increases  as  the  square  of  the  dimensions.  It  would  seem  that  the 
same  rule  would  hold  good  with  internal  combustion  enpines,  but  as 
a  matter  of  fact,  as  cylinders  get  larger  the  piston  rods  and  valves 
must  be  water- jacketed  so  that  the  relative  cooling  surface  of  the 
burning  charge  increases  rather  than  diminishes. 

A  properly  designed  single-acting  engine,  for  this  reason,  should 
give  a  higher  thermal  efific'ency  than  a  double-acting  engine,  and 
we  believe  that  tests  will  corroborate  this  statement.  Of  course, 
the  gas  engine  is  becoming  more  efficient  as  the  compression  is 
increased  and  the  surface  during  inflammation  reduced,  but  I  do 
not  believe  that  the  experience  of  the  manufacturers  of  large  gas 
engines  leads  them  to  believe  that  the  efficiency  of  the  double-acting 
internal  combustion  en-gine  is  going  to  increase  as  rapidly  as  the 
ste^m  engine,,  as  the  sizes  increase.  If  I  am  mistaken  I  would 
like  to  be  set  right  as  I  am  very  much  interested  in  the  possibilities 
of  large  gas  engines. 

Mr.  H.I.  Lea:  This  paper  is  exceptionally  complete,  and  to  my 
mind  offers  but  little  chance  for  argument.  I  will  say,  however, 
that  I  consider  6  per  cent  depreciation,  too  lo'w  for  general  use. 
There  are  plants  in  which  this  figure  is  ample,  but  there  are  others 
in  which  it  is  very  wise  to  allow  15  per  cent  for  the  items  of  interest 
and  depreciation  combined. 

I  do  not  agree  with  Professor  Fernald  in  the  belief  that  the  use 
of  low  grade  fuels  in  producer  practice  will  necessarily  involve  low 
thermal  efficiencies.  It  is  not  to  be  expected  that  the  low  grade 
fuels  can  be  handled  to  advantage  under  the  short-time  allowances 
and  other  conditions  imposed  on  the  testing  plant  at  St.  Louis,  but 
the  same  skill  and  application  displayed  in  the  St.  Louis  testing  plant 
can,  I  have  no  doubt,  handle  the  low  grade  fuels  with  thermal  effi- 
ciencies as  high  as  now  obtained  with  high  grade^fuels,  provided, 
of  course,  that  working  conditions  and  producer  design  be  adapted  to 
the  particular  fuels  in  question.  As  a  paper,  we  must  certainly 
admit  that  it  reflects  much  credit  on  its  writer. 

Mr.  Strauh :  I  came  here  ton'ght  simply  as  a  guest,  and  my 
remarks  would  probaoly  come  from  a  prejudiced  standpoint,  inas- 
much as  I  am  representing  a  producer  gas  concern. 

Professor  Fernald's  paper  typifies  the  present  standing  or  the  pres- 
ent feeling  of  the  general  engineering  profession  toward  the  gas 
producer  power  installation. 

In  regard  to  ^Ir.  Sargent's  question  relating  to  increased  efficien- 
cies in  large  engines,  I  am  not  going  to -attempt  to  explain  why,  but 
I  will  give  you  the  actual  results.  On  a  certain  large  installation 
where  there  were  put  in  4  twin,  double-action  engines  developing 
5.400  h.  p.  each,  those  engines  show  a  brake  horse-power  with  7,200 
B.  t.  u.  This  is  on  account  of  smaller  amount  of  radiating  surface, 
among  other  things. 


Discussion — Producer-Gas  Poiuer  Plant.  o'.ty 

In  regard  to  the  question  of  depreciation  in  a  producer  gas  plant 
as  compared  with  a  steam  power  plant,  I  know  of  producer  gas 
engines  which  have  been  in  operation  twenty  years  and  are  still  oper- 
ating. The  depreciation  has  been  very  slight.  One  plant  has 
eighteen  producers,  which  have  been  in  operation  since  1888,  and  the 
plant  is  good  for  another  ten  years.  I  have  reports  on  a  4,000  h.  p. 
producer  plant  in  New  Haven.  The  average  amount  of  depreciation 
was  $147  per  annum. 

I  think  Professor  Fernald  has  done  the  engineering  profession 
a  great  favor  in  bringing  forth  this  paper,  which  is  exceedingly 
complete. 

Mr.  McMxnn :  I  feel  that  the  gas  engine  has  come  to  stay,  and 
think  that  the  matter  of  depreciation  is  very  small  as  compared  with 
the  steam  turbine. 

Mr.  H.  S.  Bozi'cn,  m.w.s.e.  :  The  study  of  a  large  plant  has 
brought  out  many  points  that  are  rather  hazy.  One  was  touched 
upon — the  size  of  the  holder  for  a  down  draft  installation.  It  seems 
to  be  possible  to  figure  out  what  the  minimum  size  should  be,  but  I 
have  not  been  able  to  find  any  one  to  tell  me  what  the  economical 
size  should  be.  Then  in  the  large  plants,  another  problem  is  the 
measuring  of  the  amount  of  gas  produced.  An  ordinary  gas  meter, 
or  a  gas  meter  made  on  the  ordinary  lines  for  a  large  plant,  would 
probably  be  about  as  large  as  the  plant  itself. 

The  gas  engine  proposition  in  itself  is  open  to  a  good  many  ques- 
tions as  to  capacity,  speed,  wear  and  tear  on  the  engine  itself,  etc. 
In  studying  the  conditions  for  large  units,  many  questions  come  up 
about  which  we  apparently  have  but  little  data  and  will  not  have 
for  several  years  or  until  plants  have  been  running  for  some  time. 
I  think  the  question  brought  up  a  few  moments  ago,  as  to  depreciation 
can  be  determired  only  after  a  number  of  years  of  operation. 

Mr.  H.  B.  MacFarland.  m.w.s.e.:  I  have  been  much  interested 
in  this  paper,  and  especially  in  its  very  complete  presentation. 

In  regard  to  the  operation  and  installation  of  power  plants,  per- 
haps one  of  the  things  that  has  come  to  my  mind  more  forcibly  than 
anything  else,  is  where  I  have  been  required  to  give  the  horse  power 
of  a  gas  producer.  Of  course,  we  can  very  well  establish  what 
the  horse  power  of  a  gas  engine  is,  and  yet  I  do  not  know  that 
one  can  say  that  a  gas  producer  can  have  any  horse  oower,  in  that 
it  does  no  work.  I  have  considered  that  possibly  a  producer  horse- 
power must  be  such  as  to  produce  gas  enough  to  supply  an  engine 
developing  a  horse  power.  -  Gas  ■engines  are  rated  variously,  as  we 
have  a  statement  of  a  gas  engine  running  on  7,200  B.  t.  u.  per  brake 
horse  power.  I  also  understand  that  the  best  engine  manufacturers 
are  willing  to  guarantee  a  horse  power  hour  on  11.000  R.  t.  u.  and  I 
myself  have  recommended  at  various  times  that  the  rating  of  a  gas 
producer  would  be  such  that  it  may  be  determined  by  the  development 
of  11,000  P>.  t.  u.  per  hour. 


600  Discussion — Producer-Gas  Po7ifer  Plant. 

Mr.  H.  I.  Lea :  Since  this  matter  of  employing-  the  exhaust  heat 
of  gas  engines  seems  to  be  of  general  interest,  I  will  say  that  a 
method  of  utilization  has  already  been  devised,  and  will,  I  believe, 
meet  with  general  approval.  Something  over  a  year  ago  I  got  up  a 
very  simple  scheme  for  transferring  the  sensible  heat  from  the 
exhaust  gases  to  the  air  of  the  shop  or  of  adjoining  buildings. 
Incidentally  this  device  actually  reduces  the  back-pressure  in  the 
exhaust  manifold  when  properly  designed,  and  absolutely  mufiies 
the  noise  of  the  exhaust. 

Through  experiments  already  made,  I  am  satisfied  that  from  65 
to  70  per  cent  of  the  total  sensible  heat  in  the  exhaust  gases,  can 
be  returned  as  sensible  heat  to  the  air  of  the  shops.  This  means  a 
net  saving  of  about  20  per  cent  of  the  total  thermal  value  of  the  gas 
fed  into  the  engine  and  I  believe  will  have  a  very  important  influence 
in  overcoming  some  of  the  objections  to  gas  engine  installations. 

Referring  to  the  matter  of  the  size  of  holders  required  with  pres- 
sure producers,  I  would  say  that,  as  a  matter  of  fact,  no  holders  are 
requ'red  with  pressure  producers  operating  continually.  Holders 
were  originally  used  on  pressure  producers  for  two  reasons,  viz: 
to  provide  for  sudden  peaks  in  the  load  and  to  mix  the  varying 
qualities  of  the  gas  made,  before  sending  them  on  to  the  engine. 
The  first  of  these  requirements  is  met  now  in  regular  practice,  and 
very  successfully,  by  small  diaphragm  regulators,  as  well  as  by  small 
float  regulators.  The  second  of  these  requirements  is  now  done 
away  with,  because,  with  proper  design  and  operation  of  blowers, 
we  need  have  no  such  variations  in  the  quality  of  gas  made  as  to 
require  mixing. 

Among  the  older  producer  builders  it  was  evidently  not  recog- 
nized that  to  insure  a  constant  qual'ty  of  gas,  a  constant  ratio  of 
steam  to  air  must  be  maintined  with  a  given  fuel  bed,  practically 
regardless  of  the  volume  of  gas  made. 

Blowers  are  now  made  that  do  maintain  a  reasonably  constant 
rat'o  of  steam  to  air  in  the  blast,  and  this  ratio  may  be  readily 
adjusted  to  suit  any  particular  fuel. 

As  I  have  shown  conclusively  in  practice,  holders  on  continuously 
operated  pressure  producers  are  no  longer  necessary.  I  would 
say  in  reply  to  Professor  MacFarland  that  the  rating  of  gas  pro- 
ducers has  not  yet  been  standardized.  In  my  own  practice,  I  will 
give  no  producer  a  rating  as  to  capacity,  until  I  know  the  character- 
istics of  the  fuel  to  be  used. 

I  wou'd  say  that  a  reasonable  guarantee  on  a  producer  plant  is  one 
in  which  the  seller  agrees,  when  using  an  engine  developing  a  b.  h.  p. 
hr.  on  12,000  B.  t.  u.,  to  develop  one  b.  h.  p.  hour  per  pound  of  coal 
of  13,500  effective  B.  t.  u.  Another  reasonable  proposition  is  to 
guarantee  to  deliver,  as  available  energy  in  the  gas  leaving  the  pro- 
ducer. 75  per  cent  of  the  thermal  value  of  the  fuel  fed  into  the  pro- 
ducer. 
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Some  one  has  asked  whether  there  is  any  meter  that  will  success- 
fully handle  producer  gas.  In  reply,  I  would  say  that  producer 
gas  may  be  measured  satisfactorily  by  means  of  Venturi  and  Pitot 
tubes,  and  by  means  of  the  rotary  meter  built  on  the  principle  of  the 
anenometer  by  the  Rotary  Meter  Co.,  of  Xew  York  and  London. 

Mr.  A.  Bcment,  m.w.s.e.  :  We  hear  a  great  deal  about  the  effi- 
ciency of  gas  engines  and  gas  power  plants,  and  I  wish  it  to  be  uii<ler- 
stood  in  making  these  remarks  that  I  am  as  favorably  disposed 
toward  the  success  of  gas  power  as  one  can  possibly  be.  but  wish  to 
call  attention  to  the  fact  that  we  have  too  little  real  information. 
V'er}'  much  is  said  about  econom'cal  operation,  and  reference  is 
usually  made  in  this  connection  to  heat  efficiency,  but  it  is  se'dom  that 
figures  are  presented  stating  cost  of  power  production.  This  is 
unfortunate,  because  the  real  measure  of  efficiency  is  not  the  propor- 
tion of  heat  transmitted  to  work,  but  the  cost  of  producing  a  unit 
of  power,  and  the  fact  that  high  heat  efficiency,  often  quote'l.  is 
obtained  with  high  priced  coad  is  not  always  stated.  There  can  be 
no  advantage  in  a  gas  power  plant,  even  if  it  has  double  the  heat  effi- 
ciency of  a  steam  one.  if  it  requires  fuel  costing  twice  as  much  as 
that  which  the  steam  plant  can  use. 

Recently  I  visited  a  plant  which  builds  large  gas  engines,  and  saw 
one  of  the  engines  of  about  250  h.  p.  at  work.  Its  producer  was 
located  in  a  large  special  bui'ding  and  required  two  men  to  operate 
it.  The  coal  cost  S3.90  per  ton.  and  a  steam  boiler,  which  n  it^elf 
was  a  considerable  item  of  apparatus,  was  used  to  furnish  steam  \c, 
the  producer. 

At  one  time  I  sent  out  to  various  producer  manufacturers,  specifi- 
cations covering  the  composition  of  coal  used  in  the  vicin'ty  of  Chi- 
cago, and  asked  them  what  they  would  guarantee  to  do  w  th  it  in 
their  producer.  All  of  those  w^ho  replied  stated  t'^at  it  wou'd  be 
impossible  to  use  the  coal;  that  it  was  ent'rely  unfit  for  prodncer 
purposes,  although  today  in  Chicago,  we  a-e  burning  coal  s  reenings 
inferior  to  it  under  steam  boilers.  The  trouble  with  these  srreen'ngs 
from  the  producer  standpoint  was.  that  the  coal  was  small  in  s'ze 
and  that  the  ash  was  high,  or  in  other  words,  there  wa«;  a  large 
amount  of  dirt  accompanying  it. 

It  is  to  be  regretted  that  the  Geological  Survey  did  not  plan  s  mu 
tests  to  study  the  effect  caused  in  gas  nrodution  by  fu'^l  of  '^-nilT 
size  and  high  in  ash,  because  these  are  two  th'ngs  which  make  coat 
■'poor."  If  it  had  done  so,  we  would  have  had  in  this  piper  w  hich 
Prof.  Fernald  has  presented  to  u'^.  items  of  information  of  ""ucb 
greater  value  than  anything  he  has  been  ab^e  to  offer.  When. this 
work  was  first  taken  up  during  t^e  St.  Tx)uis  World's  Fa'r.  I  nvde 
an  unsuccessful  effort  to  induce  the  then  he^d  o^'  the  derart"v  t  to 
undertake  such  e.xperiments.  and  if  Prnf.  Fernald  wiU  a^^n  e  for 
su^h  investigation,  he  will  insure  that  mu?h  valuihle  results  i'  be 
obtained  in  the  future. 
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Regarding  the  table  I,  with  reference  to  what  is  called  volatile 
combustible,  I  think  that  volatile  matter  including  the  volatile  non- 
combustible  also,,  is  meant  instead  of  only  the  volatile  matter  which 
is  combustible. 

Referring  to  the  "Description  of  Illinois  Coals,"  reference  is  made 
to  "slack,"  and  I  would  inquire  whether  any'  slack  was  actually  used 
in  the  St.  Louis  producer,  or  whether  the  fuel  referred  to  by  this 
term  !was  not  regular  screenings  or  crushed  coal  which  may  be  con- 
sidered as  an  equivalent  of  screenings. 

Referring  to  the  extract  of  paper  by  Mr.  Stott,  showing  the  losses 
in  converting  coal  into  electric  energy  his  figures  -i  I  am  not  mist'^ken 
refer  to  New  York  conditions.  If  so,  the  operating  cost  for  steam  is 
quite  high.  New  York  City  is  an  expensive  place  for  labor  in  firing 
boilers,  as  it  is  done  by  either  hand  firing  or  else  by  stokers  which 
require  considerable  labor,  and  the  cost  for  removal  of  ashes  is  very 
high,  amounting  at  the  minimum  to  about  13  cents  per  ton  of  coal 
burned. 

President  Abbott:  If  I  were  to  design  and  operate  a  power 
house  in  Alaska,  I  presume  I  would  select  a  gas  producer  plant. 
If  the  power  house  was  to  be  located  at  the  mouth  of  a  coal  pit,  Jt 
would  be  a  steam  plant.  Somewhere  between  those  two  limits  is 
the  dividing  line  where  it  would  be  as  economical  to  run  one  as  the 
other,  but  I  think  you  will  find  that  point  at  a  h'gher  latitude  than 
42,  that  is  further  north  than  Chicago. 

Mr.  Bement  referred  to  the  cost  of  power  as  being  the  essential 
thing  that  is  wanted,  not  relative  efficiencies  between  types  of  appa- 
ratus. I  think  this  is  a  vital  point  which  our  gas  engines  and  gas 
producer  friends  have  overlooked.  A  gas  engine  has  a  very  good 
efficiency  when  run  as  the  engine  at  St.  L^ouis  was  at  a  rated  load, 
constant  load,  sixty  hours,  etc.  Suppose  the  engine  had  to  start  up 
in  the  morning,  say  at  seven  o'clock,  run  at  ]/^  load  a  few  hours  and 
then  gradually  pick  up  the  load  so  that  in  three  hours  it  had  the 
rated  load,  drop  off  a  half  hour  at  noon,  etc.  I  do  not  think  the 
showing  would  be  so  favorable.  If  the  gas  engine  man  has  the 
selection  of  the  coal,  and  by  r"ght  he  should  have,  because  there  are 
a  great  many  kinds  of  coal  he  cannot  use  at  all,  he  can  also  make  a 
favorable  showing.  But  if  he  has  to  try  to  run  on  the  cheapest  grade 
of  coal  wh'ch  comes  into  this  market,  he  could  not  make  a  favorable 
showing;  however,  if  he  succeeded  in  running  on  that,  the  saving 
over  the  steam  plant  would  be  much  smaller  than  shown. 

Referring  to  Mr.  Stott's  figures.  As  Mr.  Bement  stated,  his 
figures  are  probably  New  York  costs.  The  coal  there  I  presume 
costs  $2.50  per  ton;  it  wouM  cost  half  of  that  here  in  Chicago;  re- 
moving ashes  probably  loc  per  ton ;  about  a  third  of  that  here ; 
cost  of  the  plant  $75.00  per  h.  p. ;  about  $45.00  here,  and  so  on 
down  the  list. 

Some  one  made  some  remarks  about  depreciation  in  steam  turbines. 
If  he  could  see  the  great  array  of  gas  engines — all  sorts  and  sizes — 
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which  the  lighting  companies  of  the  city  have  hauled  out  of  base- 
ments, and  sold  for  old  iron,  replacing  them  with  steam  driven 
electric  service,  he  would  get  a  different  idea.  I  think  the  trouble 
with  the  gas  engine  people  is  that  they  are  about  five  years  too  slow. 
If  they  had  adopted  the  steam  turbine  on  the  market  and  manufact- 
ured the  gas  engine  in  large  sizes  they  might  have  held  the  field, 
but  as  it  is  now,  I  think  they  will  have  to  begin  their  work  all  over 
again.  They  have  developed  an  engine  which  in  many  cases  will 
compete  with  the  reciprocating  engine,  but  while  they  have  been 
doing  this  the  steam  turbine  has  been  developed  and  it  is  now  as  far 
ahead  of  the  reciprocating  engine  as  the  reciprocating  engine  of 
today  is  ahead  of  the  reciprocating  engine  of  years  ago. 

Mr.  A.  L.  Rice,  m.w.s.e.,  (by  letter)  :  Prof.  Fernald's  paper  is 
a  distinct  contribution  to  the  literature  of  the  producer  gas  field 
and  the  great  amount  of  information  wdiich  he  has  gathered  and 
put  in  available  form  will  be  found  of  use  to  all  who  have  to  deal 
with  this  problem. 

It  seems  to  me  that  one  of  the  most  important  things  which  the 
Geological  Survey  has  accomplished  in  its  testing  plant  is  that  men- 
tioned in  the  early  part  of  the  paper,  viz :  the  successful  use  of  any  and 
all  kinds  of  bituminous  coals  and  other  fuels  in  a  producer  designed 
for  anthracite  coal  without  special  alterations  or  attention.  If  this 
can  be  done  in  the  pressure  producer  it  would  seem  possible  by  proper 
design  and  management  to  use  almost  any  fuel  in  a  suction  producer 
and,  if  this  can  be  done,  there  seems  to  be  no  limit  to  the  field,  which 
the  small  suction  producer  gas  engine,  has  in  this  country.  The 
suction  producer  itself  is  an  inexpensive  piece  of  apparatus  and  a 
small  gas  engine  is  one  of  the  cheapest  installations  for  power  that 
can  be  secured.  A  strong  argvunent  in  favor  of  the  gas  engine 
plants  is  the  minimum  attendance  required  and  if  the  use  of  cheap 
fuel  can  be  combined  with  the  cheap  labor  cost,  small  manufacturing 
plants  and  firms  will  have  available  an  almost  ideal  source  of  power. 

Prof.  Fernald  states  that  in  comparing  a  steam  engine  plant  with 
a  gas  engine  plant  the  small  size  of  the  suction  plant  precludes  a  fair 
comparison  and  furthermore  states  that  the  large  gas  engine  plant 
is  likely  to  be  less  efficient  than  the  small  suction  plant.  This  is  a 
remarkable  state  of  affairs  and  directly  contrary  to  the  condition  with 
all  other  forms  of  power  production.  It  is  the  universal  rule  that  the 
larger  the  plant  and  the  larger  the  machinery  the  better  the  efficiency 
which  can  be  obtained.  Of  course,  the  difference  in  action  of  the 
pressure  and  suction  producers  explains  this  state  of  affairs,  but  it 
is  worth  while  noting  that  the  suction  producer  plant  is  no  longer  a 
small  affair.  Numerous  plants  can  be  found  which  run  from  200  to 
500  horse-power  and,  except  for  large  central  stations,  this 'is  a 
pretty  sizeable  prime  mover.  The  fact  that  the  gas  producer  has 
been  able  to  use  cheaper  fuels  than  have  so  far  been  found  econo- 
mically available  for  the  steam  plant,  is  gratifying  to  the  gas  engine 
fraternitv. 
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In  this  connection  it  is  interesting  to  note  that  claims  are  being 
put  forth  in  Europe  that  in  suction  producer  units  it  has  been  found 
possible  to  use  street  refuse  and  garbage  as  fuel,  mixing  with  this, 
presumably,  a  reasonable  percentage  of  coal. 

In  regard  to  utilizing  the  exhaust  heat  in  gas  engines,  Prof. 
Fernild  states  that  the  heating  of  buildings  must  be  provided  for  by 
a   plant  separate   from  the  power  plant,  if  gas   engines  are  used. 

As  a  matter  of  fact,  the  A'mirall  system  of  hot  water  heating  has 
been  adopted  to  take  care  of  just  this  condition,  water  for  the  radi- 
ators being  pumped  through  the  jacket  of  the  gas  engine  and  then 
through  a  heat'ng  device  which  is  in  the  nature  of  an  op&n  feed-water 
heater  and  taking  out  heat  from  the  exhaust  gases  by  sending  the 
jacket  water  through  these  gases  in  the  form  of  a  spray.  The  hot 
water  collects  at  the  bottom  of  the  heater  and  is  driven  through  the 
heating  pipes  by  a  centrifugal  pump.  " 

In  regard  to  the  performance  of  plants,  I  have  recently  seen  a  plant 
*)perating  on  pressure  producers  and  vertical  gas  engines  of  the 
^-cylinder  type,  the  rated  capacity  being  500  h.  p.,  and  when  oper- 
ating on  78.7  per  cent  load  with  10  hours  run  and  14  hours  stand-by 
regularly,  the  coal  used  was  1.29  lbs.  per  b.  h.  p.  per  hr. 

Mr.  IV.  G.  Kirchoffcr,  m.w.s.k.  (by  letter)  :  This  paper  is  cer- 
tainly of  great  interest  to  engineers,  as  well  as  to  the  power  users, 
and  is  of  great  value  at  this  time. 

At  De  Pere,  Wis.,  the  writer  had  the  pleasure  of  installing  the 
hrst  suction  gas  producer  in  a  municipal  waterworks  p^ant  in  the 
state  of  Wiscons'n.  The  plant  consists  of  a  50  h.  p.  Otto  suction 
?^as  producer  and  engine,  the  latter  directly  connected  to  a  500  gallon 
Deane  triplex  power  pump.  This  plant,  like  some  of  those  described 
by  the  author,  gave  considerable  trouble  on  the  start  due  to  the 
fact  that  the  erector  did  not  understand  connecting  up  the  vafporizer 
properly,  and  to  the  lack  of  a  power  blower  for  the  generator  and 
a  power  compressor  to  furnish  air  to  start  the  engine. 

I  ater  a  2.5  h.  p.  gasoline  engine  was  installed  to  drive  the  blower 
and  compressor;  and  the  piping  to  the  vaporizer  was  changed  and 
the  plint  worked  very  satisfactorily  thereafter. 

I  have  noticed  tliat  nearly  all  manufacturers  equip  their  producers 
Avith  hand  blowers,  but  from  the  experience  we  had  at  De  Pere.  I 
think  it  is  a  very  poor  policy. 

The  contractors  for  th's  plant  ynaranteed  to  develop  a  horse-power 
•on  T.25  pounds  of  pea  anthracite  coal.  Upon  a  ten  hour  test  the 
consumption  of  coal  was  1.15  pounds  per  b.  h.  p.  hr.,  thus  coming 
within  the  guarantee.  At  the  present  time  I  am  suoervising  the 
installation  of  a  225  h.  p.  suction  gas  producer  plant  at  Port  Wash- 
ington for  the  city  waterworks  and  will  sckdu  install  a  60  h.  p. 
plant  for  waterworks  and  electr'c  light  plant  at  Reedsville.  Wis., 
nnd  a  35  h.  p.  plant  at  Juneau  for  the  water  and  gas  plant. 

I  thoroughlv  believe  in  the  suction  gas  producer  as  the  coming 
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source  of  power  and  telieve  it  will  supplant  steam  in  all  places  except 
where  the  power  is  needed  only  periodically. 

Mr.  T.  E.  Buttcrficld,  Philadelphia  (by  letter)  :  Prof.  Fernald's 
article  emtodies  the  facts  (^btaned  by  a  perfectly  honest  investi.sfator 
in  a  field  which  has  been  little  explored.  It  is  to  be  regretted  that 
Congress  restricted  the  work  of  the  St.  Louis  testing  plant  to  deter- 
mining the  possibility  of  using  soft  coals  and  Tgnites  for  producing 
power,  for.  if  the  prime  object  of  the  test  is  forgotten,  some  of  the 
reported  results  may  become  misleading. 

For  instance,  the  chart  Fig.  13  indicates  to  the  superfic-al  observer 
that  while  a  producer  with  a  rate  of  combustion  of  6.25.1b.  of  coal 
per  sq.  ft.  of  grate  per  hour  will  have  an  efficiency  of  about  80% 
yet  a  producer  with  a  rate  of  combustion  of  15  lb.  per  sq.  ft.  per  hour 
will  have  an  efficiency  of  anly  about  60% .  Real'v  the  digerence  in  the 
results  is  to  be  ascribed  entirely  to  the  use  of  different  grades  of 
coal,  and  had   no  relation  whatever  to  the  rate  of  combustion. 

In  fact  the  relation  of  efficiency  to  rate  of  combustion  in  a  ga-; 
producer  is  just  contrary,  and  ri.«;es  or  falls  as  the  rate  of  combus- 
t-'on  is  increased  or  decreased  within  the  limits  named,  and.  indeed, 
aJx)ve  the  higher  limit. 

The  rate  of  combustion  in  a  blast  furnace  is  from  50  to  100  lb. 
of  fuel  per  sq.  ft.  of  cross  section,  and  the  relative  quality  of  the 
gas  and  the  efficiency  of  conversion  are  both  probably  much  higher 
tlian  in  the  producer  which  Prof.  Fernald  tested  at  6  to  16  lb.  per  sq. 
ft.  per  hour. 

Many  people  are  prone  to  didactically  api^ly  the  rules  of  boi'er 
j)ractice  to  gas  producer  design,  and  much  harm  has  been  done  by 
writers  in  periodicals  with  insufficient  experience  attemjiting  to 
;udge  gas  producers  by  boiler  standards. 

The  m-sinterpretation  of  the  origin  of  difficulties  exper'enced 
with  poorly  designed  producers  operating  on  high  ash  coals,  and 
without  careful  attendance,  probably  gave  rise  to  this  class  of  criti- 
cism. 

The  elementar\  mistake  made  is  "n  assuming  that  the  carbon  i< 
burned  in  the  same  manner  in  a  producer  as  in  a  fire  under  a  boikr 
In  both  cases  the  air  passing  through  the  first  few  inches  of  firi  i~ 
burned  to  CO2,  but  here  the  comparison  stops.  There  is  no  further 
consumption  of  carbon  by  air  in  the  boiler  furnace.  InU  in  the  ua-- 
producer,  the  air  enters  a  new  stratum  of  the  fire  and  onsun^es 
another  portion  of  carbon  equal  to  or  greater  than  that  burned  in 
the  information  of  CO2. 

In  a  carbon  fire,  fed  by  dry  air.  half  of  the  carbon  is  burned  in 
the  formation  of  CO2  near  the  grate,  and  the  other  half  is  buriied  in 
the  reducing  zone  above  the  grate,  and  a  rate  of  combustion  in  such 
a  producer  of  20  lb.  of  coal  per  sq.  ft.  of  grate  area  per  hour,  means 
the  same  rate  of  combustion  at  the  grate  as  in  a  boMer  furnace, 
burnirg  10  lb  of  carMn  per  sq.  ft.  of  grate  per  hour. 
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In  a  carbon  producer  fed  by  moist  air,  the  difference  is  still  more 
striking.  With  perfect  combustion  and  perfect  efficiency  the  result- 
ing gas  is  39.8%  CO,  17%  H2  and  43.2%  N2.  Of  the  39.8  parts  of 
carbon  burned,  only  11.4  parts  burn  to  CO2  at  the  grate,  while 
another  11.4  parts  combine  with  this  CO2  further  up  in  the  fuel  bed, 
and  a  further  17  parts  combine  with  the  oxygen  liberated  in  decom- 
posing the  steam.  This  means  that  the  actual  rate  of  combustion  at 
the  grate  is  only  11.4-^-39.8=0.29  of  the  apparent  rate  of  combus- 
tion found  by  dividing  the  weight  of  carbon  consumed  per  hour, 
by  the  grate  area. 

Let  us  further  take  the  average  Htuminous  coal  as  fired  in  the 
producer  in  Prof.  Fernald's  tests.  The  comp:sition,  as  given  in 
Tab'e  I,  is :  Moisture  6.83,  Volatile  combustible  33.06,  fixed  carbon 
49.80,  ash  10.32,  sulphur  2.41. 

The  average  composition  of  the  gas  from  this  coal  is :  CO2,  9.84, 
O2,  0.04,  C2H4,  0.18,  CO,  18.28,  H2,  12.90,  CH4,  3.12,  N2,  55.60, 
and  Tar  per  ton  310  lbs. 

In  the  upper  part  of  the  producer  the  moisture  and  volatile  matter 
is  distilled  from  the  coal  with  absorption  of  heat,  leaving  the  fixed 
carbon,  ash,  and  a  small  part  of  the  sulphur,  or  about  60  per  cent 
of  the  total  weight  of  coal  to  be  exposed  to  the  chemical  action  of 
the  fire.  This  is  radically  differe:it  from  the  boiler  fire  where  the 
volatile  matter  is  burned  as  fast  as  distilled,  and  greatly  increases 
the  temperature  at  the  grate. 

Sinking  into  the  zone  of  reduction,  the  49.80  parts  of  carbon 
lose  either  successively  or  simultaneously  in  the  formation  res- 
pectively of  hydrogen  from  steam  and  carbon  monoxide  from 
carbonic  acid,  0.458X49.80=22.8  parts  and  0.096X49.80=4.8  parts, 
leaving  only  0.446X49.80=22.2  parts  of  carb-rn  to  be  burned  in 
the  grate  fire  in  forming  carbonic  acid  from  air. 

In  other  words  only  44.6%  of  the  fixed  carbon  in  the  coal,  or 
(22.2%  plus  10.3%  ash  equal)  325^%  of  the  coal  as  fired  ever 
reaches  the  true  heat  generating  or  combustion  zone  just  above  the 
grate,  and  the  figure  reported  by  Prof.  Fernald  of  7.64  lbs.  of  coal 
per  sq.  ft.  of  producer  cross-section  really  corresponds  more  nearly 
with  a  boiler-grate  rate  of  combustion  of  7.64X0.325=2.48  lb.  X)f 
coal  per  sq.  ft.  of  grate  per  hour.  These  figures  are  not  precise,  but 
they  show  with  accuracy  that  the  terms  "pounds  of  coal  per  sq.  ft. 
of  grate  per  hour,"  and  "rate  of  combustion."  have  entirely  different 
meanings  when  applied  to  boilers  and  gas  producers. 

Professor  Fernald  estimates  that  67%  of  the  total  number  of  gas 
power  plants  in  the  United  States  aggregating  25%  to  35%  of  the 
total  horse  power,  are  operated  on  anthracite  coal.  Of  the  plants 
he  visited,  28  aggregating  2,600  or  2,700  horse  power  of  engines 
were  operated  with  anthracite  producers,  and  only  5,  aggregating 
3,500  horse  power  of  engines,  were  operated  on  soft  coal.  Forty 
per  cent  of  the  total  horse-power,  and  eighty  per  cent  of  the  total 
number  of  engines  were  operated  from  anthracite  producers. 
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This  shows  that  the  anthracite  producer  is  of  equal  or  nearly 
equal  importance  with  the  bituminous  producer;  and  it  is  to  be  hoped 
that  in  future  government  tests,  the  same  careful  study  will  be 
bestowed  on  the  anthracite  coal  fields  and  on  the  anthracite  producer 
that  has  been  given  to  the  bituminous  coals  and  producers. 

It  would  be  very  desirable  if  Prof.  Fernald  would  describe  fully 
the  condition  of  the  valves  and  cylinder  of  the  engine  after  running 
for  so  many  months  with  a  gas  containing  such  a  high  percentage 
of  sulphur.  Were  any  measurements  made  of  the  bore,  of  the 
cylinder  and  the  diameter  of  the  piston  before  and  after  the  engine 
was  run,  and  also,  if  the  piston  rings  were  measured,  was  any  ap- 
preciable wear  found?  We  notice  that  in  the  gas  analysis  no 
percentage  is  given  for  any  sulphur  compound,  such  as  H'2S  or 
H2SO3.  Either  one  or  the  other  of  these  must  have  been  present 
in  considerable  amount. 

Closure. 

Professor  Fernald:  I  think  the  remarks  made  preceding  Mr. 
Bement's  were  pretty  well  answered  by  Mr.  Lee.  It  can  certain'y 
be  said  that  the  steam  men  are  putting  up  a  good  fight. 

The  question  of  the  cost  of  power  was  raised.  In  few  producer 
gas  plants  can  exact  figures  be  given  because  the  plants  have 
not  been  in  operation  long  enough.  The  first  suction  plant  in  this 
country  was  installed  four  years  ago.  ■  Some  pressure  plants  have 
been  operating  ten,  fifteen,  and  possibly  one  or  two  for  twenty  years, 
but  the  majority  of  plants  have  been  in  service  only  a  few  years. 
The  depreciation  cost  is  difficult  to  get  unless  the  plant  has  had 
longer  service  than  the  producer  gas  engine  plants  have  had.  The 
figures  presented  are  simply  those  I  have  been  able  to  get  hold  of. 
They  are  not  presented  with  the  idea  of  trying  to  force  out  the 
steam  side,  but  they  tend  to  show  which  way  the  vane  is  pointing. 

In  regard  to  Mr.  Bement's  criticism  of  the  work  done  at  the 
Testing  Plant,  in  connection  with  ash,  size  of  coal,  etc.,  the  situation 
is  just  th's:  The  Government  in  making  its  appropriation  stipulated 
what  the  work  should  be.  We  were  requested  to  make  tests  on  as 
many  coals  as  possible  and  cover  as  large  a  field  as  we  could.  The 
coal  came  in  such  small  quantities  that  we  were  restricted  to  one 
test  on  each  fuel.  Probably  from  now  on  the  situation  will  be 
different.  We  are  hoping  now  to  make  a  long  series  of  tests  on  one 
coal,  providing  we  can  get  the  appropriation,  and  the  very  points  Mr. 
Bement  raises  will  be  thoroughly  investigated. 

Mr.  Bement  said  further  that  everybody  knew  we  could  make 
gas  out  of  the  different  coals  and  implied  that  the  Government  had 
wasted  much  time  in  demonstrating  this  fact.  When  we  first  started 
the  plant  I  tried  to  get  the  representative  of  the  gas  producer 
company  to  use  certain  coals.  He  actually  did  not  dare  to  tackle 
several  that  we  had  on  hand,  and  no  one  knew  with  what  success 
those  coals  could  be  used  in  the  producer  at  the  testing  plant  or  in 
any  other  producer  used  for  power  purposes.     The  operator  failed 
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on  the  first  coal  that  was  given  him  because  he  was  not  used  to  it, 
and  in  case  of  the  majority  of  coals  used,  the  producer  manufacturers 
did  not  know  whether  they  could  handle  them  successfully  or  not. 
It  was  up  to  us  to  prove  that  fact ;  that  is  the  one  thing  we  have  had 
to  do. 

Air.  Bement's  criticism  is  entirely  just.  Only  we  have  been  restricted 
by  the  conditions  anrl  the  newness  of  the  problem.  In  regard  to 
the  question  of  slack  :  the  coals  indicated  as  such,  were  so  listed 
by  the  Geolog'cal  Suwey  and  were  sent  from  the  mines  as  slack. 

Both  Messrs.  Abbott  and  Bement  mentioned  the  fact  that  certain 
coal  could  not  be  used  in  the  gas  producer.  There  are  certain  slack 
coals  that  up  to  the  present  time  we  have  not  attempted  to  use  and  I 
would  not  say  we  could  use  them  but  we  expect  to  be  ab'e  to  do  so.* 
On  the  other  hand,  if  you  will  notice  the  chart  of  Illinois  coals, 
you  will  find  several  white  spots,  indicating  that  they  could  not 
make  steam  tests  with  certain  coals  that  gave  excellent  results  in 
the  producer:  also  that  they  did  not  dare  to  tackle  some  of  the 
lignites.  It  is  a  toss-up  at  the  present  time  as  there  are  a  few  coals 
that  the  gas  people  cannot  use  and  a  few  that  the  steam  people 
cannot  use.  A  few  vears  later  it  will,  in  my  opinion,  be  a  toss-up 
all  on  the  other  side. 

Regarding  Mr.  Stott's  figures.  I  have  little  to  say.  I  should  suppose 
they  m'ght  be  Xew  York  figures,  except  that  he  takes  particular 
])ains  to  thank  various  people  in  different  sections  of  the  United 
States  for  assisting  him  to  get  them.  The  steam  figures  were  taken 
from  his  plant.  They  were  the  most  reliable  I  could  get  hold  of 
and  I  put  them  in  for  whatever  they  may  be  worth. 


POWER  WORK  AS  RELATED  TO  TELEPHONE  COMMUNICATIONS. 

Thomas   Lambert. 

Chicago  Telephone  Co. 

Read  before  the  Eleetrieal  Seetion.  April  12.  Kpj. 

There  is  a  trait  of  character  ])resent  in  most  of  us  which  may 
lie  cared  a  combined  virtue  and  fault,  and  it  is  made  manifest  in  the 
<'nthusiasm  in  which  we  view  our  own  partcular  occupation.  .\or 
would  I  give  much  thought  to  a  man  without  the  poesy  of  enthusi- 
asm, nor  pay  much  attention  to  the  claims  of  him  who  did  not  think 
that  his  own  particular  bu'^ine^s  was  the  most  imp  >rtant  '\\  the 
world.  It  takes  them  all  to  make  the  world,  and  right  in  the  fa;.e 
of  this  I  would  tell  you  that  no  other  bus'nc-s  in  the  world  has 
<^ver  had  such  a  phenomena'  growth  as  the  Telephone  Imsiness;  no 
other  business  gives  such  promise  of  future  growth. 

All  this  I  say  in  defense  of  ray  presumption  in  a.sking  you  to  give 
a  few  monients  of  your  time  to  the  subject  of  power  as  app'icl  to 
telephone  work.  I  would  not  ca^e  to  be  considered  as  add'cted  to 
the  quotat'on  habit ;  but  the  old  adage  that  "One  haH"  of  the  world 
<loes  not  know  how  the  other  half  lives."  certainly  applies  to  the 
telenhone  business. 

If  you  will  but  step  outside  of  your  own  specia'tv  and  inquire  i'lto 
the  statistics  of  another's  business,  you  are  sure  of  be'ng  asti^n-shed 
at  its  magn'tude.  As  a  long  time  ago.  some  one  asked  what  be  -ame 
of  all  the  pins,  so  we  can  now  ask.  who  does  all  the  telephoning ? 

It  is  but  a  few  years  since  all  the  telephones  were  operated  under 
the  local  battery  svstem  and  for  many  reasons  this  system  is  still 
advantageous  in  the  smaller  T)lants.  The  V)ral  batterv  telenhone 
system  did  not  rise  to  the  dignity  of  having  a  power  plant,  thou^jh 
often  having  a  ring'ng  generator  which  w-as  kept  nmning  c  "Uinu- 
ously  by  means  of  a  water  or  electric  motor,  and  which  constituted 
the  power  plant.  The  greatest  portion  of  the  power  for  the-e  local 
"battery  systems  is  furnished  by  means  of  the  primarv  batteries  bvated 
at  the  several,  subscribers'  instruments,  the  ringing  {)ower  leing 
furnished  manually  by  the  subscriber. 

You  understand  that  the  instrdlation  of  a  central  energy  system,  in 
place  of  a  Ujcal  battery  system,  is  simply  a  financial  question  of  cngin- 
t-ering  and  maintenance.  A  telephone  power  plant,  consisting  of  a 
motor  generator  set  and  a  storage  battery  w'th  the  incidcnta'  appa- 
ratus necessarv  for  the  successful  operation  oi  the  same,  however 
sma'l  the  plant,  requires  consulerable  attention  of  an  ex])erienced 
man,  and  this  cannot  be  con>iistent'y  added  to  the  expense  of  main- 
tenance of  a  small  system.  !5ut  as  soon  as  the  system  is  changed 
to  the  common  battery  or  central  energy  plan,  a  real  p  'wer  plant 
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becomes  necessary,  a  plant  representing-  considerable  investment  and 
requiring  careful  and  economical  operation. 

In  the  City  of  Chicago  alone  the  Chicago  Telephone  Company 
has  21  exchanges,  not  to  mention  almost  as  many  exchanges  in  the 
suburban  towns  of  greater  or  less  importance.  And  by  way  of  illus- 
tration, in  one  single  exchange  on  the  day  before  Christmas  last  year, 
on  which  day,  the  telephone  traffic  is  generally  the  heaviest,  there 
was  a  consumption  of  electrical  energy  somewhat  in  excess  of  20 
kio.  for  a  period  of  one  or  two  hours,  not  for  illumination  nor  any- 
thing else  but  talking  purposes.  In  the  central  office  alone 
located  at  100  Washington  street,  over  27  h.  p.  was  used  to  energize 
the  lines  and  instruments  for  talking  purposes,  and  this  continued 
on  the  occasion  mentioned  for  a  period  from  2  to  3  hours. 

Viewing  this  statement  from  another  light,  it  means  that  no  less 
than  10,000  people  were  simultaneously  using  telephones  in  a 
district  having  an  area  of  less  than  one-half  a  square  mile;  5,000 
pairs  of  people  were  talking  over  telephones  in  this  district,  and  it 
required  27  h.  p.  to  furnish  the  energy  for  the  service.  This  was 
the  peak  load,  to  be  sure,  but  it  illustrates  the  demand  likely  to  be 
made  upon  a  telephone  plant  at  any  time  and  for  which  demand  or 
even  a  greater  one  we  must  be  prepared  at  all  times. 

On  the  occasion  of  any  great  calamity,  as  for  instance  in  the  case 
of  the  Iroquois  disaster,  almost  every  telephone  in  the  city  was  called 
into  use,  making  an  extraordinary  demand  on  our  sources  of  power. 
The  same  is  true,  though  to  a  less  extent,  on  the  occassion  of  polit'cal 
elections  which  may  have  special  interest  attached  thereto.  During 
the  evening  of  the  recent  mayorality  election,  we  were  compelled  to 
run  our  apparatus  and  charge  our  storage  batteries  for  several 
hours  longer  than  usual,  to  care  for  the  increased  business  occas- 
ioned thereby. 

The  var'ation  of  the  peak  loads  for  the  several  exchanges  in  a 
city  like  Chicago  is  rather  interesting.  The  business  districts  show- 
ing the  heaviest  loads  at  10:00  to  11  -.30  a.  m.  and  at  3:00  to  4:36 
p.  m. ;  the  all-night  load  usually  falling  to  a  small  fraction  of  the 
maximum.  Whiie  in  the  residence  districts  the  load  is  indicative 
of  the  fact  that  the  people  leave  home  for  business  about  7 130  a.  m. 
and  return  at  about  5:00  p.  m.,  retiring  at  about  10:00  p.  m.  The 
residence  district  often  causes  a  peak  load  to  occur  in  the  early 
evening. 

It  may  not  be  out  of  place  here  to  describe  briefly  the  simple  power 
circuit  of  a  central  energ}^  telephone  system.  We  are  operating  our 
systems  at  a  pressure  of  about  24  volts,  kept  nearly  constant 
by  means  of  a  storage  battery  of  11  cells,  the  ampere  hour  capacity 
of  which  is  adapted  to  the  actual  and  possible  demands  likely  to  be 
made  upon  it  in  service.  The  battery  is  arranged  in  circuit  so  that  it 
can  be  charged  while  at  the  same  time  being  discharged  to  give 
service  to  the  lines  running  out  of  the  exchange. 

The  charging  is  effected  by  a  suitable  30  volt  shunt  wound  gener- 
ator which  is  operated  by  either  an  electric  motor  receiving  its  cur- 
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rent  supply  from  commercial  mains,  or  by  means  of  a  gas  engine. 
Generally,  the  electric  motor  is  directly  connected  with  the  30  volt 
generator  and  in  most  of  the  city  exchanges  we  have  duplicate  gener- 
ators arranged  in  such  a  manner  that  the  system  is  most  flexible, 
either  generator  being  capable  of  operation  from  either  motor,  cross 
connecting  them  by  means  of  belts  and  detachable  pulleys;  this  plan 
is  adopted  for  the  insurance  of  operation.  Though  as  a  matter  of 
fact,  it  has  seldom  been  found  actually  necessary  to  cross  connect 
the  different  units. 

In  the  Chicago  Telephone  Company's  system  one  side  of  the  bat- 
tery is  grounded,  and  to  prevent  the  current  fluctuation  due  to  the 
commutation  in  the  charging  circuit  from  reaching  the  battery  and 
consequently  appearing  on  the  telephone  lines  and  thereby  interfer- 
ing with  service,  there  is  interposed  a  choke  coil  or  retardation  coil 
adapted  to  the  capacity  of  the  machine  and  its  frequency  of  com- 
mutation. This  coil  acts  to  smooth  out  the  current  curve  enabling 
us  to  charge  the  battery  while  it  is  being  used  without  interfering 
with  the   traffic. 

In  our  larger  offices,  the  capacity  of  the  storage  battery  is  such 
that  it  will  deliver  nearly  2,000  amperes  of  current  at  24  volts  for  a 
period  of  one  hour,  or  420  amperes  for  a  period  of  8  hours  after 
having  been  fully  charged.  In  our  past  experience,  the  highest 
duty  imposed  on  any  of  our  exchange  batteries  was  about  750 
amperes  for  a  period  of  2  to  3  hours  when  it  fell  to  bet\veen  400  and 
500  amperes,  or  nearly  to  the  8  hour  discharge  rate  of  the  battery. 

Just  for  a  moment  consider  what  it  means  to  have  our  source  of 
power  absolutely  fail  during  such  a  period  as  that  mentioned,  which 
is  a  possibility  that  must  be  taken  into  account.  In'  our  central 
office,  for  instance,  we  have  two  separate  charging  units  vvith  four 
sources  of  power,  and  each  unit  is  capable  of  generating  650  amperes 
at  30  volts.  Naturally  we  feel  very  secure,  but  suppose  that  all 
sources  of  power  should  fail  at  9:00  a.  m.  on  the  day  before  Chr'st- 
mas,  the  batteries  being  fully  charged  at  the  time.  In  this  event, 
the  excfiange  Would  be  hopelessly  out  of  service  if  the  power  were 
not  restored  before  noon. 

This  brings  to  mind  the  fact  that  it  is  with  the  telephone  business, 
based  on  the  nickel  per  call,  or  on  the  measured  service  basis,  the 
same  as  it  is  with  the  street  raihvay  system,  or  an  electric  lighting 
plant,  viz:  a  break  in  the  service  means  a  loss  of  money  that  can 
never  again  be  regained.  If  the  street  car  service  is  interrupted  and 
the  passengers  have  to  walk  home,  the  nickels  for  those  rides  can 
never  reach  the  coffers  of  the  company,  and  every  electric  lighting 
company  is  painfully  aware  of  the  fact  that  a  stoppage  of  their 
meters  is  a  stoppage  of  their  revenue.  So  with  the  telephone 
company ;  messages  will  not  keep ;  if  the  service  is  interrupted  and 
other  means  of  communication  used,  it  is  at  a  direct  loss  to  the  com- 
pany, and  worse  than  the  immediate  and  pecuniary  loss  is  the  damage 
to  reputation,  often  of  great  import,  especially  if  franchise  favors 
are  sought.     It  is  then  a  matter  ot  the  utmost  importance  to  be  as 
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thoroughly  insured  as  it  is  possible  to  be.  as  to  the  service  for  power 
purposes  in  telephone  work.  The  telephone  without  the  power  plant 
is  perfectly  helpless  and  yet  that  is  merely  an  auxiliary  to  the 
system,  just  as  the  telephone  service  itself  is  auxiliary  to  a  large- 
commercial  electric  lighting  plant. 

In  addition  to  the  storage  batteries  and  means  for  charging  the- 
same,  there  are  the  various  ringing  generator  devices,  and  all 
exchanges  are  in  general  equipped  with  small  motors  of  about  i  h. 
p.  capacity,  operated  from  commercial  mains  to  drive  one  of  two 
ringing  generators,  either  of  which  can  be  run  as  a  dynamotor  inde- 
pendently of  the  motor  before  ment'oned,  and  from  the  24  volt 
battery;  the  armatures  of  these  machines  being  doubly  wound 
to  generate  aUernating  current  at  about  no  volts  pressure  and" 
pulsating  current  at  about  60  volts  pressure.  These  dynamotors^ 
when  run  from  the  main  storage  battery,  must  be  arranged  in- 
circuit  with  a  properly  designed  choke  coil  to  smooth  out  the- 
effects  due  to  the  commutation  of  the  current  taken  off  the  bat- 
terv,  so  as  not  to  interfere  with  traffic. 

The  alternating  current  is  used  for  ringing  single  and  10  party 
lines,  and  the  pulsating  current  commutated  in  either  a  positive  or 
negative  direction  is  used  for  ringing  bells  in  the  semi-selective  four 
partv  line  service. 

The  output  of  these  machines  is  generally  from  one  to  two' 
amperes.  The  above  voltage  and  other  specifications  for  the  manu- 
facture of  these  machines  limit  the  voltage  on  the  secondary  side,  in 
connection  with  the  varying  loads,  to  within  the  amount  necessary 
for  the  satisfactory  operation  of  the  particular  equipment  used. 

By  way  of  explanation  we  are  now  adjusting  the  commutators 
that  pick  up  the  positive  and  negative  pulsating  current  used  on- 
party  line  ringing,  to  such  a  point  that  in  this  c'ass  of  service  it  is- 
not  commutated  between  the  zero  points,  but  between  points  20° 
to  30°  ahead  of  the  zero  point  in  the  direct'on  of  rotation  of  the- 
armature.  This  results  in  a  correction  of  the  current  eflfect,  other- 
wise caused  by  the  inductance  of  the  circuit,  and  eliminates  some  of 
the  trouble  due  to  interfering  rings,  by  giving  a  sl'ght  touch  of 
positive  impulse  following  a  longer  negative  or  a  slight  touch  of 
negative  following  a  longer  positive,  in  a  way  to  neutralize  in  part^ 
the  lagging  effect  of  the  pulsating  current. 

In  connection  with  rincfing  generator  service,  we  have  also  to  fur- 
nish a  number  of  the  smaller  private  branch  exchanges  with  generator 
service  from  the  ma'n  office  of  the  district  in  which  the  branch- 
exchange  is  located,  and  as  a  matter  of  protection,  we  fuse  this  ser- 
vice by  means  of  3^  ampere  fuses  which  we  have  gone  to  no  little 
trouble  to  procure,  as  the  ordinary  3^  ampere  fuses  on  the  market 
were  often  found  to  carry  nearly  three  amperes  before  failing. 

The  accidental  grounding  of  one  or  two  of  these  generator  leads 
going  to  the  branch  exchanges  would  thus,  when  fused,  result  in 
throwing  the  ringing  generator  out  of  service  at  the  circuit  breaker 
anrl  at  the  same  time  throwing  the  entire  office  out  of  ringing  gener- 
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ator  service,  until  this  or  another  machine  could  be  started  up  and 
the  trouble  c'eared  by  disconnecting  the  grounded  lines. 

Generally,  we  also  run  this  ringng  generator  service  through  a 
lamp  resistence.  We  have  adopted  the  Tantalum  lamp  for  this  pur- 
pose, on  account  of  its  coefficient  of  resistance  increasing  with  the 
heating  of  the  filament,  instead  of  the  reverse  as  is  the  conditon  in 
the  carbon  filament.  This  partiaMy  protects  us  from  unnatural  over- 
loads on  our  office  ringing  generator  due  to  a  diminution  of  resist- 
ance of  the  line  supplietl  through  the  lamp,  and  fed  therefrom. 

In  connection  with  the  ringing  generator  equipment,  we  supph 
other  auxiliary  service  such  as  busy-back  signalling,  tone  tests,  and 
howler  eflfects,  and  also  what  we  denominate  as  ticker  service  used 
on  nickel  first  lines  to  appraise  the  subscriber  that  the  line  is  not 
being  used. 

We  are  now  installing  in  our  new  offices,  and  in  some  of  the 
old  ones  where  changes  have  become  necessary,  a  type  of  mach'ne 
generator  to  furnish  current  to  the  amount  of  from  2  to  5  amperes 
at  a  pressure  of  1 10  volts,  which  is  used  in  either  a  positive  or 
negative  direction  as  the  occasion  may  require  to  deposit  or  return 
coins  in  the  nickel  service.  Heretofore  the  con  boxes  have  been 
operated  by  means  of  dry  batteries  located  at  the  same  exchange, 
the  maintenance  of  which,  has  been  exceedingly  unsatisfactory 
and  expensive,  owing  to  the  fact  that  on  the  failure  of  the  voltagc- 
of  the  battery  to  come  up  to  the  proper  standard  every  one  of  the 
hundred  or  more  dry  cells  in  service  has  to  be  tested,  a  tedious  and 
expensive  process  which  may  occur  several  times  during  the  week. 
By  the  use  of  these  nickel  deposit  machines,  we  can  keep  a  more 
uniform  condition  and  we  expect  thereby  to  stop  some  of  the  nickel 
argument  with  the  subscriber,  in  which  doubtless  many  of  you 
have  participated  at  times. 

It  may  be  here  worthy  of  note  to  say  that  we  have  had  a  great 
deal  of  trouble  in  nickel  operation  throughout  the  city,  due  to 
varying  earth  currents  apparently  dependent  upon  street  car  traffic 
from  whose  generators  the  current  emanates. 

We  are  gradually  overcoming  this  by  working  in  connection  with 
the  street  car  companies  who  readily  see  that  this  current  leakage, 
while  causing  the  telephone  company  some  trouble,  is  costing  thou 
money ;  consequently,  they  have  in  a  numlx;r  of  cases,  increased  the 
capacity  of  their  return  grounds  to  mutual  advantage. 

We  are  equipped  with  emergency  apparatus  and  ])arts  necessar\ 
for  ordinary  renewals  which  can  be  installed  on  very  short  notice. 
We  did  have  an  emergenc\  charging  outfit  for  use  in  any  of  our 
exchanges,  so  arranged  that  it  could  be  installed  on  a  few  hjours' 
notice  and  set  in  operation  to  supplant  the  regular  apparatus  in 
case  of  its  falure  or  that  of  the  supply  of  commercial  power ;  but 
this  apparatus  was  recently  destroyed  by  fire  and  we  are  now  con- 
sidering a  more  elaborate  device,  which  will  be,  c|ufte  likely  a 
charging  plant  permanently  mounted  on  an  automobile  for  transpor- 
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tation  to  any  exchange  in  the  city  or  country  on  short  notice ;  this  to 
be  operated  by  means  of  a  gasoHne  engine. 

Apart  from  the  -power  question  of  the  telephone  service  as 
apphed  directly  to  the  lines  themselves,  there  is  also  the  problem  of 
lighting  the  switchboard,  which  is  very  essential  to  the  service, 
especially  at  night. 

We  have  about  half  a  mile  of  switchboard  in  the  city  alone  which 
must  be  lighted  in  order  to  give  satisfactory  service  on  the  telephone. 
This  problem  of  lighting  is  really  quite  difficult  of  accomplishment, 
as  it  can  come  from  only  one  source  and  that,  above  and  not  too  far 
from  the  face  of  the  board.  Furthermore,  we  have  to  be  careful 
not  to  light  the  key  shelf  of  the  switchboard  and  yet  must  give 
sufficient  light  on  its  face  to  enable  the  operator  to  read  the  numli)ers 
with  a  fair  degree  of  accuracy.  . '.    ',' 

Then,  too,  we  must  be  careful  as  to  the  color  of  the  light  on  account 
of  various  traffic  schemes  in  which  color  is  used,  as  for  instrance  the 
embracing  of  certain  jacks  in  one  line  of  a  particular  color  to  indicate 
the  fact  that  all  of  these  lines  are  of  the  same  number  for  the  use  of 
one  firm. 

We  are  now  lighting  these  switchboards  my  means  of  ordinary 
carbon  filament  lamps  placed  in  reflector  troughs,  designed  as  nearly 
as  possible  for  the  proper  distribution  of  the  light,  which  we  are 
free  to  say  is  far  from  satisfactory. 

For  some  time  we  have  been  trying  to  get  the  manufacturers  of 
the  Tantalum  lamp  to  make  us  a  light  constructed  of  th's  filament 
which  shall  be  in  a  continuous  line,  in  shape  something  similar  to  the 
Cooper  Hewitt  light.  The  difficulty  in  the  production  of  the  Tanta- 
lum light  was  caring  for  the  excessive  length  of  the  filament  neces- 
sary, but  in  this  switchboard  lighting  the  excessive  length  of  filament 
would  be  an  advantage  rather  than  a  disadvantage  if  the  lamp  can 
be  constructed  in  such  manner.  We  have  not  attempted  to  suggest 
a  method  of  manufacture,  nor  to  dictate  the  units  of  length  in  which 
it  would  be  practical  to  produce  it,  though  we  did  point  out  the 
commercial  advantages  for  other  purposes — like  counter  and  show- 
case illumination. 

The  quantity  of  light  we  are  now  using  for  switchboard  lighting 
amounts  to  about  i  candle  power  per  lineal  inch  of  switchboard, 
which  is  about  the  emission  rate  of  the  Tantalum  filament.  We 
have  been  assured  of  ultimate  satisfactory. results  along  this  line  by 
the  manufacturers,  but  so  far  have  not  obtained  anything  tangible. 

Another  problem  which  is  part  of  the  power  proposition  in  the . 
telephone  business  is  ventilating  the  exchanges,  which  we  ordinarily 
do  by  means  of  small  individual  fan  motors. 

In  one  building,  I  believe,  without  actual  count,  that  we  have  no 
less  than  200  of  these  small  fan  motors  in  actual  operation,  or  at 
least  equipped  for  operation  and  ready  for  serivce. 

The  bills  for  light  and  power  in  our  city  exchange  alone  are 
something  enormous.  I  am  not  at  liberty  to  state  the  amount,  but 
can  say  that  it  covers  nearly  200,000  kilowatts  per  month,  which 
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certainly  forces  the  telephone  business  into  the  power  field  as  a 
real  live  customer. 

The  connection  between  power  work  and  the  telephone  field  is  real, 
and  there  is  also  a  parallelism  in  the  problems  presented  in  both 
telephone  and  power  eno^ineering-  as  it  pertains  to  the  transmission 
of  alternating  currents ;  for  the  telephone  engineer  who  understands 
the  problems  presented  in  his  ivork  must  also  understand  the  prob- 
lems of  altCTnatin^  current  transmission.  It  is  very  easy  for  the  man 
who  handles  large  generators,  large  engines,  immense  transformers, 
and  rotary  converters  to  belittle  the  telephone  man  because  he  handles 
a  class  of  apparatus  relatively  so  small.  You  know  and  I  know 
of  two  classes  of  men ;  one  can  set  up  and  operate  a  5.000  h.  p. 
Corliss  engine  and  electric  generator  with  ease,  but  could  no  more 
repair  a  mi'livoltmeter  than  he  could  fly.  Then  there  is  the  other 
man  who  can  turn  down  the  balance  staff  of  your  watch  to  a  nicety, 
yet  who  has  no  conception  of  how-  to  beg'n  to  carrv  out  the  plan  of 
erection  of  the  large  type  of  machinery.  Both  are  good  mechanics, 
hut  neither  is  qualified  for  the  work  of  the  other.  One  is  a  hair- 
spring mechanic  and, the  other  a  crow-bar  mechanic,  and  the  tele- 
phone man  is  of  the  hair-spring  variety. 

One  thing  that  can  be  sa'd  of  the  telephone  bu.^iness  is  that  its 
field  has  grown  so  wonderfully  that  no  single  individual  can  possibly 
hope  to  master  all  of  its  phases.  He  must  specialize,  and  there  is 
no  place  left  in  it  for  a  man  to  fossilize.  If  he  will  star  in  it  he 
inusl  keep  up  with  the  progress  of  the  art.  There  is  no  room  in 
the  telephone  business  for  "dead  ones."  The  tendency  to  specialize 
i.s  also  limited  since  we  must  all  pull  together  for  a  common  cause. 

In  closing  I  want  to  make  a  statement  that  can  scarcely  be  called 
a  prediction,  as  it  's  more  of  the  nature  of  plotting  a  curve  from 
observed  facts.  In  a  very  few  years  the  telephone  business  will  be  the 
greatest  in  the  world.  Its  growth  is  accelerative.  and  its  value  to 
the  subscriber  increases  in  a  geometrical  ratio  with  the  number  of 
subscribers  within  reach,  and  on  this  basis  I  think  it  is  fair  to  pre- 
sume the  statement  just  made,  that  nothing  can  prevent  the  telephone 
business  from  becoming  the  greatest  in(lustr\-  in  the  world,  because 
it  contains  within  itself  the  seeds  of  stability  :  it  meets  a  need  ;  it  meets 
a  want,  and  its  influence  on  civilization  will  be  most  far-reaching. 
It  will  bring  us  together. under  one  language:  it  will  be  one  of  the 
most  potent  means  in  the  fraternalization  of  the  world,  and  may  yet 
be  one  of  the  greatest  factors  in  the  universal  peace  plan. 

I  might  say  something  about  the  distribution  of  load.  Take  a 
battery  of  a  certain  capacity.  The  average  case  of  telephone  load 
starts  oui  about  8  o'clock  a.  m.  and  gradually  goes  to  the  maximum, 
which  is  reached  at  from  10  to  10:30  a.  m.  As  the  load  reaches 
the  maximum  it  often  excels  the  output  of  the  generator,  conse- 
quently we  start  our  generator  at  a  time  early  enough  so  that  the 
battery  will  become  fully  charged  under  it>  influence,  whatever  the 
demand?  made  on  the  battery  in  the  normal  work  of  the  exchange 
shall    have   exceeded   that   limit.     Otherwise   we    would   never   be 
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able  to  get  our  battery  charged  up  to  its  full  capacity,  and  then,  in 
case  of  a  break-down  we  would  have  full  capacity  to  carry  over  a 
certain  period. 

We  are  trying'  to  follow  out  the  requirements  asked  of  us  by  the 
suppliers  of  the  storage  battery  equipment;  who  ask  us  to  carrv  them 
at  a  certain  rate  under  certain  rules,  in  order  to  get  the  best  effects, 
and  to  do  that  we  have  recently  designed  a  controlling  device  which 
enables  us  to  automatically  charge  th's  battery  at  a  set  rate.  If 
the  normal  charging  rate  of  that  battery  is,  say  X  amperes  per  hour, 
we  have  an  apparatus,  in  process  of  construction,  that  will  enable 
the  generator  to  maintain  that  charge  of  X  amperes  above  the  dis- 
charge. After  having  reached  the  fu"l  charge,  the  apparatus  is 
shifted,  with  the  result  that  the  generator  operates  to  carry  an 
actual  amount  of  current  to  the  fuse  board  exactly  equal  to  the 
amount  of  current  drawn  away  from  it.  So  the  battery  will  remain 
fully  charged  as  long  as  the  generator  is  runn'ng.  That  will  be  done 
automatically.  It  now  depends  on  the  observation  of  the  operator, 
takes  considerable  time,  and  we  do  not  know  how  well  it  is  being 
done. 

Discussion*. 

Mr.  F.  M.  Davis,  jux.  m.w.s.e.  :  I  presume  that  for  most  small 
exchanges,  and  often  some  of  the  large  exchanges,  the  practice  is 
to  periodically  charge  the  batteries  completely,  and  then  let  them  dis- 
charge to  the  exchange.  It  occurs  to  me  that,  in  case  of  large  city 
exchanges,  the  same  principle  might  apply  as  is  maintained  by  the 
Chicago  Edison  Company  on  their  general  light  and  power  systems, 
viz :  letting  the  batteries  float  on  the  line,  fully  charged,  but  with 
the  charging  machines  operating  continuously  at  such  rate  as  to  fur- 
nish the  necessary  current  to  supply  the  varying  load,  as  for  example 
a  telephone  exchange  and  thus  allowing  the  battery  to  serve  as  a  re- 
serve, fully  charged  at  all  times,  ever  on  the  line  and  ready  to  take  up 
sudden  fluctuations  or  to  serve  as  a  reserve  in  case  of  a  breakdown 
in  the  charging  equipment.  I  understand  that  this  is  the  practice  of 
the  Chicago  Edison  Company,  and  that  they  do  not  use  the  battery 
to  furnish  any  appreciable  power  except  in  case  of  emergency. 

Mr.  Lambert:  We  follow  that  practice  as  near  as  we  can,  but 
in  our  main  office,  for  instance,  where  the  load  may  run  up  to  650 
or  700  amperes  during  the  busy  part  of  the  day,  during  the  night, 
when  the  load  drops  down  to  50  amperes,  we  cannot  aflFord  to  run  a 
generator  of  that  size.  But  we  do  follow  that  practice  up  to  the 
point  when  the  load  is  one-quarter  of  the  output  of  the  machine. 
With  our  400  ampere  generator  w-e  follow  the  practice  outlined, 
down  to  the  point  of  the  discharge,  being  one-quarter  of  the 
capacity  of  the  machine ;  then  we  throw  it  over  on  the  battery  and  let 
the  battery  carry  it,  as  it  will  do  so  without  detriment  and  without 
loss,  and  the  generator  is  cut  out  for  the  time  being. 

Mr.  Roper,  m.w.s.e.:  You  speak  of  the  necessity  of  lighting  for 
the  switchboard.     Is  any  provision  made  so  that  the  board  can  be 
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lighted  from  the  hattery  in  case  of  tronhle  on  the  circuits  of  the 
Hghting  company? 

Mr.  Lambert :  None  whatever ;  we  use  gas.-  We  are  always 
supphed  w.th  candles,  which  the  repairmen  use  in  their  work,  but 
the  gas  usually  answers  all  requirements  temporarily. 

Mr.  Craivth,  m.w.s.e.  :  Do  you  ever  discharge  a  battery  near 
its   full  capacity? 

Mr.  Lani^ert:  We  dare  not  do  that  for  fear  of  an  accident  to 
the  power,  which  would  leave  us  stranded. 

Mr.  L.  IV.  Carroll:  Do  you  find  it  economical  to  run  your 
generator  at  one-quarter  load,  or  do  you  do  that  in  order  to  keep 
the  reserve  up  to  full  capacity? 

Mr.  Lambert :  We  run  the  generator  when  the  office  load  exceeds 
one-quarter,  simply  using  that  as  a  standard ;  the  people  who  operate 
the  plcints  are  instructed  that  whenever  the  office  load  drops  down 
to  one-quarter,  that  is  a  signal  for  them  to  shut  down.  It  leaves 
them  no  judgment  to  follow  :n  that  case. 

Mr.  Daz'is:  In  reference  to  the  question  of  choke  coils.  I  have 
observed  that  the  practice  of  some  engineers  has  been  to  eliminate 
the  choke  coils  in  the  charging  circuit  and  also  in  the  motor  circuit 
of  the  ringing  generator,  for  the  reason  that  when  the  charging 
generators  and  the  ringing  machines  are  so  designed  as  to  give 
sufficient  distribution  of  the  commutator  segments,  the  "ripples" 
(as  they  might  be  called)  on  the  voltage  of  the  cerrent  are  so  fine  as 
to  be  unappreciable.  In  any  case  they  may  be  specially  designed 
to  eliminate  this  voltage  vibration.  Moreover,  I  understand  that 
some  telephone  circuits  are  much  less  susceptible  to  this  "commuta- 
tor note''  and  such  noise  so  that  in  some  systems  the  chijj^e  coils 
are  not  used  at  all.  In  some  cases  generator  current  may  be  fed 
directly  to  the  telephone  switchboard  without  the  interposition  of 
the  battery,  although  in  any  case  the  battery  serves  as  a  cushion, 
to  take  out  any  vibrations  in  the  voltage  such  as  would  tend  to  pro- 
duce sound  in  the  telephone  c'rcuit,  besides,  of  course,  serving  as 
a  reservoir  of  power. 

Mr.  Carroll:  Mr.  Davis  speaks  of  eliminating  the  choke  coil 
from  some  circuits.  I  think  this  can  be  done.  A  good  many  cir- 
cuits are  operated  in  the  way  of  what  you  might  call  retarrlation 
cord  circuits,  and  give  very  little  trouble  from  generator  noise  even 
without  choke  coils,  whereas  the  repeating  coil  circuits  are  a  little 
more  susceptible  to  the  changes  in  voltage.  With  the  retardation 
coil  these  fluctuations  do  not  make  much  difference,  and  you  notice 
very  little  trouble  from  the  commutator  without  the  choking  coil. 

Mr.  Lambert:  I  would  like  to  ask  a  question  for  my  own  infor- 
mation. If  we  eliminate  the  choke  coil  system,  and  to  take  the  place 
of  that  we  take  off  a  circuit  which  I  will  assume  has  retardation  in 
it — an  impedence  coil — it  would  simply  mean  that  this  circuit  could 
be  used  perhaps  connected  together  or  branched  off  so  as  not  to  get 
any  pulsation  force  on  the  battery.  We  have  no  loss  of  power  in 
puttng  in  a  choke  coil,  and  if  it  meant  that  we  had  to  put  retardation 
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coils  in  each  branch,  it  seems  to  me  it  would  be  more  economical 
to  put  this  in  instead  of  others. 

Mr.  Carroll:  In  the  retardation  coil  circuit  you  refer  to,  the 
retardation  coils  are  placed  between  the  battery  and  each  cord 
circuit.  There  would  be  a  retardation  coil  for  every  circuit,  but 
not  directly  in  the  talkin.s;  circuit.  Those  coils  have  to  be  in  there 
anyway,  and  are  generally  used  as  relays;  they  are  wound  quite 
high,  200  to  400  ohms.  The  talking  current  is  fed  through  these 
relays  and  they  not  only  act  as  a  retarding  effect  to  keep  the  battery 
from  short-circuit'ng  the  circuit,  but  the  two  results  are  accom- 
plished with  the  same  coil. 

Mr.  Davis :  There  is  one  question  which  might  be  regarded  as 
of  rather  minor  importance,  and  that  is  the  calculation  of  the  size 
of  the  discharge  leads  to  the  exchange  from  the  battery.  In  one 
office  I  know  of  the  practice  has  been  to  allow  a  total  drop  of  one- 
half  volt  from  the  battery  to  the  subscriber's  operator's  position 
most  remote  from  the  battery.  This  maximum  amount  of  drop  is 
limited  by  its  tendency  to  cause  "cross-talk"  if  there  is  too  much 
drop  in  voltage.  Moreover,  this  calculation  of  the  size  of  con- 
ductor is  usually  checked  by  not  permitting  a  greater  resistance 
than  one-quarter  ohm  for  the  discharge  leads.  The  reason  for  this 
is  perhaps  similar  to  the  one  regarding  cross-talk.  As  for  the  drop 
in  voltage,  it  is,  of  course,  not  allowable  to  let  the  voltage  drop 
enough  to  interfere  with  the  actuation  of  the  relays,  which  would 
depend  on  the  adjustment  for  certain  voltages. 

Concerning  this  calculat'on  of  the  size  of  discharge  leads.  I  should 
like  to  ask  what  has  been  the  practice  observed  by  Mr.  Lambert? 

Mr.  Lambert:  I  believe  I  am  right  in  saying  that  the  telephone 
practice  has  found  it  is  not  quite  so  much  the  resistance  of  the 
leads  as  the  retardation  that  produces  the  cross-talk.  We  tried 
an  experiment  at  the  "Canal"  office,  where  we  introduced  a  good  deal 
■of  resistance  and  found  no  trouble  from  resistance.  »  But  we  are 
adopting  the  practice  now  of  using  lead  covered  cables  instead  of 
rubber  covered,  in  iron  conduit,  the  latter  having  a  tendency  to 
increase  the  retardation  effect.  I  had  occasion  to  measure  the 
drop  in  the  leads  in  the  "Harrison"  office,  ( which  I  think  has 
rather  the  longest  leads  between  the  battery  and  fuse  board  of  any 
•office.)  I  found  there  that  under  a  discharge  of  480  amperes  we 
had  approximately  0.25  of  a  volt  drop. 

Mr.  Roper:  I  would  ask  how  much  voltage  variation  at  the 
fuse  board  is  permissable? 

Mr.  Lambert:  In  practice  we  try  to  never  let  the  battery  get 
below  22  volts.  We  seldom  run  above  27  volts  at  the  bus  bar, 
and  occasionally  have  to  run  within  closer  limits.  Thzi  has  been 
brought  about  particularly  on  account  of  the  earth  currents.  Re- 
Tween  two  of  our  offices  we  had  cons'derable  trouble  during  the 
day 'in  regard  to  signaling.  This  necessitated  keeping  our  voltage 
at  "Harri«;on"  off-cc  to  a  point  about  27  vnlts,  but   since  then   the 
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introduction  of  the  "keyless"  trunk  system,  without  a  return  .e^round 
has  given  us  a  wider  margin  of  operation. 

When  the  street  car  systems  are  in  full  operation,  then  the  earth 
currents  are  disseminated,  and  the  effects  are  not  felt  quite  so 
much.  But  we  try  to  keep  the  voltage  within  reasonable  limits. 
In  the  day  time,  when  the  sunlight  is  quite  bright,  we  have  to  have 
our  lamp  signals  good  and  bright. 

Mr.  J.  B.  Thicss :  Referring  to  the  discharge  of  480  amperes  at 
"Harrison"  office,  the  question  in  my  mind  is,  what  is  your  normal 
ampere  hour  discharge  rate  per  call,  and  how  many  calls  per  day  do 
you  figure  in  designing  your  battery  for  the  exchange? 

Mr.  Lambert:  Roughly  speaking,  we  use  about  r-io  of  an 
ampere  per  complete  connect'on,  but  that  does  not  always  include 
e-verything  that  goes  with  the  load.  In  regard  to  the  other  ques- 
tion, I  cannot  at  present  give  the  exact  information. 

Mr.  William  Rcid:  In  regard  to  the  retardation  coil  in  the 
charging  circuit  of  the  telephone  power  plant.  A\niile  several  people 
have  taken  up  the  various  points  of  retardation,  Mr.  Lambert,  in 
his  discussion,  has  taken  up  the  repeating  coil  or  shunting-out  system 
which  the  "Bell"  company  uses.  Also.  Mr.  Carroll  has  mentioned 
the  retardation  soil  circuit.  There  is  considerable  difference  in  the 
two  circuits.  One  seems  to  be  used  by  the  Bell  company  exclus- 
ively, or  Western  Electric  Company,  and  the  other  by  the  opposition 
companies.  The  noise  from  the  charging  generator  on  the  Bell 
system  is  much  more  noticeable  than  on  the  Independent,  or  Kel- 
logg, Dean  or  Stromberg-Carlson  systems  of  retardation.  The 
battery  of  the  Bell  systems  is  fed  to  the  subscribers  instrument  from 
the  center  of  the  repeating  coil,  and  in  the  other  systems  the  battery 
is  fed  out  on  the  line  through  relays  which  act  as  retardation  coils, 
the  talking  circuit  of  any  two  lines  being  connected  on  the  tip  side 
by  a  condenser  and  likewise  the  sleeve  side.  The  retardation  coil 
in  the  charging  circuit  of  the  ordinary  telephone  battery  is  not 
necessary  in  the  Independent  systems.  In  fact  we  take  a  stand- 
ard generator  with  a  standard  number  of  sgments  in  a  commutator, 
and  it  serves  the  purpose  for  charge  and  discharge  at  the  same  time, 
without  any  interference  from  generator  noise,  while  on  the  Bell 
system  it  is  hardly  possible  to  do  this  without  the  generators  being 
specially  wound. 

Of  course  we  in  the  opposition  field  buy  entirely  (unless  for 
special  cases)  the  standard  generator  w'ith  the  standard  commutator, 
and  we  have  no  trouble  whatever  from  cross-talk  or  noise  due  to  the 
generator,  unless  the  commutator  gets  into  bad  shape. 

In  regard  to  the  charge  and  discharge  of  the  telephone  batteries, 
I  will  say  that  we,  in  the  opposition  field,  figure  a  battery  large 
enough  to  run  the  exchange,  and  such  accessory  apparatus  as  is 
necessary  to  run  off  of  the  battery,  for  a  neriod  of  24  hours  on  an 
eight-hour  charge  basis.  By  the  eight-hour  charge  we  mean  we 
start  up  in  the  morning,  charge  and  discharge  the  battcrv  at  the 
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same  time,  and  at  the  end  of  the  day  the  batteries  'will  be  charged 
ready  for  the  night  load. 

Mr.  Lambert  remarked  that  the  current  consumed  at  one  call  was 
about  i-io  of  an  ampere.  From  actual  readings  taken  from  the 
ammeter  for  every  ten  minutes  during  24  hours,  and  a  peg  count 
taken  of  the  number  of  calls,  we  find  that  about  0.006  ampere  hour 
per  call  is  a  good  basis  upon  which  to  figure  for  the  telephone  stor- 
age plant.  The  number  of  calls  per  line  per  day,  would  vary,  accord- 
ing to  the  requirements  of  the  exchange.  Ordinarialy  we  figure 
anywhere  from  10  to  15  calls  per  line  per  day,  and  the  storage  batter- 
ies are  figured  to  run  for  a  period  of  24  hours.  The  charging  gener- 
ator is  ordinarily  figured  sufficiently  large  to  charge  one  set  at  its 
normal  eight-hour  charging  rate.  In  other  words,  making  it  neces- 
sary to  charge  eight  hours  per  day. 

In  regard  to  the  drop  in  line,  as  mentioned  by  Air.  Davis,  I  will  say 
that  on  a  retardation  coil  circuit,  the  drop  in  line  from  the  storage 
battery  to  bus  bars,  or  to  the  telephone  operators'  positions,  is 
about  ^  volt ;  it  is  not  good  practice  to  allow  this  drop  to  be  greater 
than  that,  and  of  course  the  loss  on  the  line  would  depend  upon  the 
operation  of  the  circuit  entirely.  I  know  it  is  standard  with  a  num- 
ber of  companies  to  test  out  the  exchange  line  and  coil  so  the  relays 
of  the  system  will  operate  through  1,000  ohms,  and  will  fall  back 
with  10,000  ohms  constantly  on  the  line.  That  gives  a  good  range 
of  operation. 

In  regard  to  the  change  in  voltage ;  the  lamps  are  so  designed  by 
a  number  of  miniature  lamp  manufacturers  that  they  will  stand 
variance  in  voltage  due  to  charge  and  discharge.  It  has  been  my 
experience  in  storage  battery  work  that  about  the  time  you  get  the 
battery  up  to  a  voltage  of  about  27  volts,  the  specific  gravity  of  the 
electrolyte  would  be  about  1.2 10.  I  notice  that  Mr.  Lambert 
remarked  that  they  would  start  to  charge  when  the  load  became  % 
the  rated  generator  rate.  In  the  opposition  practice  I  am  free  to  say 
we  do  not  watch  where  they  commence  to  charge  with  the  generator, 
and  I  do  not  think  they  figure  the  battery  quite  so  close  as  in  the 
Bell  system,  because  the  Bell  people  shunt  out  the  supervisory  lamps-, 
while  in  some  opposition  systems  the  lamp  circuits  are  opened.  The 
result  is  the  opposition  system  is  much  more  economical  from  the 
standpoint  of  cost  of  maintenance  than  the  Bell  system ;  consequently 
they  do  not  pay  so  close  attention  to  first  cost,  and  do  not  have  to 
figure  the  batteries  so  low.  In  fact,  with  a  large  plant  the  power  is 
not  very  expensive. 

In  regard  to  ringing  machines,  where  pulsating  current  is  used; 
in  the  opposition  system  a  ringing  machine  that  will  develop  125 
watts  will  handle  an  exchange  of  10,000  lines. 

In  regard  to  the  retardation  coil  in  the  motor  end  of  the  ringing 
generator  circuit,  that  used  to  be  used  in  Independent  practice,  but 
was  afterwards  abandoned  because  the  commutation  became  better, 
and  a  standard  r"nging  dynamotor  operated  direct  from  the  battery 
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is  standard  practice  among  the  telephone  companies  at  the  present 
time. 

Mr.  Carroll :  I  would  ask  what  the  practice  is  in  furnishing 
generators  according  to  the  size  of  the  plant.  It  seems  to  me,  in 
order  to  get  an  economical  output  in  the  generator,  in  starting  the 
generator  the  battery  load  and  the  load  on  exchange  will  be  about 
the  full  load ;  so,  when  the  exchange  load  increases,  it  will  decrease 
the  amount  in  the  battery,  and  I  think  a  great  deal  of  economy  can 
be  had  by  forcing  the  generator  in  that  way. 

Mr.  Lambert:  That  is  exactly  the  practice  we  try  to  maintain. 
With  reference  to  the  extraordinary  size  of  plants  used  by  some 
companies  one  thing  must  be  taken  into  account,  and  that  is,  exces- 
sive rent  in  the  down  town  district,  which  it  is  not  necessary  to  pay 
in  the  outlying  territory.  In  the  latter  case  a  different  practice  is 
followed.  It  would  be  of  great  advantage  in  such  oflfices  as  our 
"Harrison""  office  to  add  extra  floor  space. 

Mr.  Rcid:  I  can  easily  see  how  the  question  of  rent  or  flooir 
space  might  cut  considerable  figure.  Undoubtedly  it  would  be  just 
as  economical  t<  •  take  the  current  direct  from  the  generator,  possibly 
even  more  so.  especially  if  you  could  use  the  current  direct  from  the 
generator  and  allow  only  the  surplus  that  the  generator  is  putting 
forth  to  charge  the  battery.  In  a  small  exchange,  after  the  six 
o'clock  peak,  a  small  battery  down  town  would  carry  load  until  such 
time  as  the  force  was  around  in  the  morning,  and  in  that  way  I 
can  easily  see  why  they  would  adopt  such  practice.  I  should  think 
it  would  be  a  good  th'ng  where  rent  is  high.  Of  course,  in  the 
ordinary  small  town  exchange,  rent  is  of  secondary  consideration. 

You  stated  that  you  had  several  forms  of  power  to  take  from, 
but  in  the  ordinary  small  exchange  of  2,000  subscribers  it  would 
hardly  be  policy  to  take  a  chance  with  a  local  electric  lighting  com- 
pany. If  you  had  a  battery  of  sufficient  capacity  to  carry  the  load 
for  a  period  of  24  to  48  hours,  an  exchange  would  be  compara- 
tively safe  as  I  have  noticed  that  generally  within  24  hours  a  man 
can  always  do  something. 

Mr.  Lambert:  In  our  man  offfce,  through  some  accident  which 
we  could  not  control,  we  ran  that  plant  for  about  three  months, 
when  I  tliink  if  our  power  plant  had  been  shut  off  for  twenty  minutes 
we  would  have  been  stranded. 

Mr.  Rcid:  I  think  under  those  circumstances  if  you  would  reduce 
your  battery  to  such  size  as  you  mention,  if  the  source  of  primary 
power  did  go  back  on  you  (if  for  only  20  minutes  during  five  years) 
vou  would  find  that  a  reserve  source  battery  to  carry  the  plant  for 
sav  24  hours,  would  more  than  pay  interest  on  the  money  invested 
in  the  plant. 

Mr.  Roper:  I  think  that  today  the  supply  of  power  has  con- 
siderable influence  on  the  size  of  the  battery.  In  the  down  town 
district  the  telephone  exchanges  are  supplied  with  two  or  more 
independent  -ources  of  current;  ^that  is.  independent  sets  of  mains 
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or  feeders)  so  that  trouble  in  one  lighting  main  will  nut  entirel\- 
disable  the  telephone  exchange.  In  addition,  the  lighting  company 
carries  considerable  reserve  of  its  own  to  maintain  its  own  service 
free  from  interruption. 

Mv.  Davis :  This  meeting  has  dealt  with  a  subject  in  which  I  have 
been  greatly  interested  for  several  years.  Though  it  seems  to  have 
received  very  little  attention  from  engineers  in  general.  I  have  taken 
much  interest  in  some  of  its  many-sided  problems. 

The  interesting  character  of  telephone  power  is  found  in  the  wide 
and  inclusive  nature  of  the  problems  confronted  by  the  engineer  in 
a  field  where  one  would  casually  expect  to  find  little  of  interest  out- 
side of  very  narrow  limits. 

We  sometimes  hear  the  learned  discussion  of  general  power 
engineers  concerning  questions  of  high  voltages,  resonance  effects, 
line  surges  and  multikilowatt  capacities,  and  marvel  at  the  splendid 
achievements  of  these  men  of  genius.  Has  it  not  been  well  demon- 
strated in  the  valued  paper  and  ensuing  discussion  here  tonight, 
that  in  telephony  we  have  the  essential  elements  of  many  of  the  great 
problems  generally  ascribed  solely  to  the  "larger  field?" 

General  telephone  power  practice  involves  in  one  system  or  another 
a  great  variety  of  power  apparatus  among  the  more  common  of 
which  are  batteries,  dynamo-electrical  machinery,  power  switch- 
boards and  prime  movers,  such  as  gas  and  steam  engines. 

In  the  design  and  operation  of  certain  types  of  harmonic  ring- 
ing generators,  problems  concerning  capacity  and  wave  form  had  to 
be  solved. 

The  absolute  necessity  for  due  regard  for  balance  in  general 
telephone  circuit  design  will  be  recognized  at  once  by  all  telephone 
engineers. 

Although  many  of  the  absolute  values  concerned  are  relatively 
small,  still  these  various  problems  exist  and  must  none  the  less  be 
solved  adequately  in  each  case,  in  order  to  insure  a  telephone  system 
at  once  practical  and  efficient. 
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This  paper  contains  a  summary  of  the  results  and  a  portion  of 
the  data  obtained  in  a  series  of  tests  and  examinations  of  the 
different  apparatus  used  in  the  electric  lighting  of  western  raiKva\ 
trains,  which  were  made  under  my  direction  during  the  past  tw" 
years,  while  still  connected  with  the  University  of  Wisconsin. 

The  greater  part  of  the  work  was  carried  out  by  undergraduate 
students  in  the  engineering  courses  of  that  University,  directed 
by  Mr.  Edward  Wray  who  was  a  graduate  student  for  one  of  the 
years ;  a  portion  of  the  work  was  carried  out  with  the  assistance 
of  Mr.  F.  W.  Huels,  who  supervised  some  tests  of  train  lighting 
apparatus  in  connection  with  his  investigation  of  the  vibration  of 
railway  trains  caused  by  the  ordinary  baggage  car  installation  of 
electric  light  engines.  This  paper  consists  mostly  of  a  summary 
of  Mr.  Wray's  very  extended  report  on  the  work. 

A  number  of  railway  people  gave  their  advice  and  assistance  in 
this  work,  and  I  must  particularly  refer  to  the  courtesies  of  Mr. 
J.  F.  DeVoy,  Mech.  Engr.  of  the  Chicago,  Milwaukee  &  St.  Paul 
Ry. ;  Mr.  M.  C.  B.  Young,  Mech.  Engr.  of  the  Chicago,  Burlington 
&  Quincy  Ry. ;  Mr.  \V.  J.  Bohan.  of  the  Xorthern  Pacific  Ry.,  an<! 
Mr.  A.  J.  Farrelly,  Elec.  Engr.  of  the  Chicago  &  Northwestern  R> . 

The  results  of  the  examination  and  tests  divide  themselves  nat- 
urally into  three  divisions : 

1.  Those  connected  with  those  lighting  systems  in  which  a 
steam  driven  generator  set  is  located  in  the  baggage  car. 

2.  Those  systems  in  which  a  generator  of  the  electric  current 
is  located  under  each  of  the  cars,  or  one  or  more  of  the  cars,  and 
driven  by  a  connection  from  a  car  axle. 

3.  The  arrangement  in  which  a  storage  battery  is  located  on 
each  car,  and  no  provision  is  made  for  charging  it  during  the  run 
of  the  train. 

It  is  usual  to  use  a  storage  battery  or  batteries  at  some  point  or 
points  on  the  train  with  the  first  of  these  methods,  and  it  is  neces- 
sary to  use  a  battery  for  each  car  equipped  with  a  generator  in  the 
second  of  the  methods. 

BAGGAGE   CAR    GENERATING    PLANT. 

Various  railroads  have  used  the  so-called  baggage-car  or  head- 
end system  for  many  years.  The  equipment  generally  consists  of  a 
generator  of  from  20  to  25  kw.  capacity  driven  by  some  suitable 
engine.  The  3-cylinder  Brotherhood  engine  was  formerly  used 
on  the  Pennsylvania  R.  R.  A  number  of  roads  leading  westward 
and  northwestward  from  Chicago  have  used  Westinghouse  stand- 
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ard  engines,  following  the  lead  of  the  Chicago,  Milwaukee  &  St. 
Paul  Ry. ;  and  of  recent  years  a  number  of  the  roads  have  intro- 
duced turbine  generator  sets  to  replace  the  sets  including  recipro- 
catin;^-  engines  which  therefore  had  been  used. 

As  pointed  out  by  Mr.  F.  \\\  Huels  'n  his  recent  paper,  the  re- 
ciprocating engine  sets  cause,  not  only  very  appreciable,  but  an- 
noying vibrations  in  the  trains  when  the  trains  are  at  a  standstill: 
and  this  is  true  even  when  care  is  taken  to  place  the  reciprocating 
engine  outfit  in  the  location  and  position  which  will  be  least  favor- 
able to  the  setting  up  and  transmission  of  vibrations  through  the 
train.  These  vibrations  are  entirely  absent  when  a  proper  turbine 
generator  set  is  used.  The  railroads  seem  to  have  taken  as  a 
standard  the  turbine  generator  set  made  by  the  General  Electric 
Co.,  including  a  25  kw.  generator  driven  by  a  Curtis  steam  turbine. 

The  laboratory  of  the  University  of  Wisconsin  possesses  a  tur- 
bine outfit  of  this  character  on  which  careful  tests  of  steam  con- 


sumption were  made.  The  results  of  these  tests  are  laid  down  in 
Fig.  I.  It  is  notable  that  the  steam  consumption  of  this  turbine 
is  substantially  the  same  at  different  loads  regardless  of  variations 
of  steam  pressure  from  63  to  94  lb.  per  sq.  in. 

The  steam  consumption  is  not  as  satisfactory  as  might  be  hoped, 
but  after  this  test  was  made,  some  change  of  the  nozzles  on  the 
turbine  was  made  bv  the  General  Electric  Co.,  and  the  steam  con- 
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sumption  was  improved  about  S  per  cent,  at  full  load,  and  1  under- 
stand that  a  similar  change  has  since  been  made  in  the  nozzles  on 
the  turbines  of  the  Chicago,  Burlington  and  Quincy  Ry.  equipment 
which  we  had  tested. 

In  Fig.  2  are  shown  the  results  of  the  road  tests,  indicating  ihc 
load  on  the  turbine  of  train  No.  i  in  the  run  between  Chicago  and 
Denver,  of  the  Chicago,  Burlington  &  Quincy  Ry.  The  turbine 
in  this  instance  is  installed  in  the  front  end  of  the  baggage  car. 
and  two  sets  of  storage  cells  are  placed  on  the  train,  one  located 
under  the  baggage  car  and  the  other  under  a  Pullman  car  at  the 
rear  of  the  train.  The  turbine  receives  its  steam  from  the  locomo- 
tive through  a  pipe  located  l;eneath  the  cars,  joined  by  flexil)le  hose 
connections  between  cars;  a  reducing  valve  is  located  at  the  loco 
motive  for  the  purpose  of  reducing  the  steam  pressure  to  8o  lbs.  per 
sq.  in.  The  capacity  of  the  turbine  is  25  kw.  and  its  speed  is  3,600 
rev.  per  min.  The  exhaust  steam  passes  into  the  atmosphere 
through  a  steam  funnel  alDove  the  car. 

The  outfit  is  accompanied  by  a  switchboard  containing  electri- 
cal measuring  instruments,  switches,  steam  gauge,  etc.  Amongst 
the  switches  is  an  automatic  overload  and  reverse  current  circuit 
breaker  to  protect  the  turbine  against  overload,  and  also  to  protect 
the  batteries  against  short  circuiting  in  case  the  turbine  stops  oper- 
ating. There  are  54  cells  in  each  battery  and  each  cell  has  240 
ampere  hours  capacity.  The  batteries  float  on  the  line.  The  train 
line  is  of  the  usual  character  with  a  loop  to  the  rear  of  the  train. 

On  the  test  run  with  this  turbine  a  standardized  steam  gauge  and 
a  separating  calorimeter  were  attached  to  the  steam  pipe  close  to 
the  turbine  steam  chest.  Standardized  electrical  instruments  were 
also  used  in  the  electrical  circuit,  and  observations  were  made 
every  fifteen  minutes  during  the  operation  of  the  electric  light  set. 

Referring  to  the  curves  on  Fig.  2  which  show  the  data  of  the 
test,  it  will  be  observed  that  the  generator  load  is  never  greater  than 
17  kw.,  and  the  average  load  is  less  than  11  kw.,  while  the  genera- 
tor is  of  25  kw.  capacity. 

There  are,  however,  several  good  reasons  for  installing  a  25 
kw.  outfit.  One  of  these  is  due  to  the  fact  that  it  is  necessary  to 
have  the  baggage  car  generating  outfit  of  capacity  large  enough 
to  take  care  of  extraordinarily  long  trains,  which  the  railroad 
may  be  called  upon  t><  make  up  in  cases  of  unusually  heavy  traffic. 
It  is  also  to  be  noticed  that  the  steam  pressure  may  fall  rather  low, 
in  which  instance  a  turbine  of  smaller  capacity  might  be  unable  to 
deliver  sufficient  mechanical  power  to  drive  its  dynamo  even  at 
the  load  of  17  kw. 

The  steam  consumption  which  is  set  down  in  Fig.  2,  is  taken 
from  the  tests  of  the  University  of  Wisconsin  turbine  (which  is 
a  duplicate  of  the  "Burlington"  turbines),  and  the  steam  con- 
sumptions are  plotted  to  correspond  with  the  various  electrical 
outputs.     The  steam  consumption  is  somewhat  higher  than  that  of 
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the  reciprocating  engines  used  under  similar  conditions,  but  the 
other  advantages  of  the  turbines,  including  that  of  the  freedom 
from  vibration  effects,  are  doubtless  sufficient  to  counterbalance 
this. 

For  the  total  run  betv^een  Chicago  and  Denver  the  steam  con- 
sumption is  approximately  19,400  pounds,  and  this  is  approximately 
3  per  cent,  of  the  total  water  supply  to  the  locomotive  boi'er  as  in- 
dicated from  a  count  of  the  locomotive  tank  fillings. 

In  Fig.  3  are  shown  the  results  of  steam  consumption  tests  made  on 
a  Westinghouse  engine  used  on  the  "North  Coast  Limited"  train 
of  the   Xorthern   Pacific  Ry.,  and  Fig.  4  gives  the  results  of  the 


road  test  of  this  outfit.  The  equipment  includes  a  Westinghouse 
standard  engine  with  a  direct  connected  25  kw.  generator  installed 
in  the  forward  end  of  the  baggage  car,  the  engine  being  arranged 
to  receive  steam  from  the  locomotive  through  a  pipe  line  and  flexi- 
ble hose  connections,  there  being  a  reducing  valve  at  the  locomotive 
which  is  intended  to  deliver  the  steam  to  the  pipe  connected  with 
the  electric  light  engine  at  80  pounds  pressure. 

An  auxiliary  storage  battery  is  provided  on  each  passenger  car. 
These  batteries  are  kept  separated  from  the  regular  train  lighting 
line,  but  are  arranged  to  be  used  with  one  circuit  of  lights  in  each 
car  when  needed,  and  to  be  charged  during  the  night  by  being  con- 
nected to  the  train  line  at  that  time.  The  charging  of  the  batteries 
is  carried  on  at  night  when  most  of  the  lights  throughout  the  train 
are  turned  ofT.  otherwise  serious  injury  to  the  lamps  would  occur  by 
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raising  the  generator  voltage  to  the  charging  pressure  of  1 15  voh^.. 
The  batteries  are  also  charged  very  thoroughly  once  a  week  when 
in  the  storage  yard. 


The  records  of  tests  on  the  road  were  kept  in  a  similar  manner 
to  those  taken  on  the  Chicago,  Burlington  and  Quincy  Ry.     After 
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the  test  had  been  made  on  the  road,  the  steam  consumption  of  the 
engine  was  tested  in  the  yard  at  St.  Paul  and  the  results  are  set 
forth  in  Fig.  3.  The  road  test  was  made  on  two  separate  equip- 
ments on  two  separate  trains,  but  the  steam  consumption  test  in 
the  yard  was  made  only  on  one  train  on  account  of  insufficient 
time.  Fig'.  4  gives  the  data  for  one  night's  run  with  one  equipment, 
this  being  a  typical  record. 

In  Figs.  I  and  3  is  shown  a  notable  difference  between  the 
steam  turbine  and  the  reciprocating  engine  with  shaft  governor, 
in  respect  to  the  variation  of  steam  consumption  with  steam  pres- 
sure. The  governor  of  the  reciprocating  engine  is  arranged  to 
vary  the  admission  of  steam  to  the  engine  cylinder  for  different 
fractions  of  the  stroke,  so  as  to  maintain  the  constant  speed,  and  in 
case  of  falling  pressure  the  expansion  of  the  steam  becomes  un- 
economically  small.  In  the  case  of  the  turbine,  the  governor  acts 
in  a  different  manner,  and  the  steam  used  is  expanded  more  nearly 
uniformly  at  all  steam  pressures. 

This  throws  some  light  upon  the  effect  of  the  efforts  of  loco- 
motive engine  men  to  relieve  the  drain  of  steam  from  the  locomo- 
tive boiler  by  partially  closing  down  the  valve  in  the  steam  pipe 
to  the  electric  light  engine.  It  is  the  engine  man's  supposition  that 
in-  doing  so  he  reduces  the  amount  of  steam  going  to  the  electric 
light  engine,  but,  in  fact,  he  only  increases  the  amount  of  steam 
going  to  a  reciprocating  engine  providing  sufficient  steam  gets 
through  to  actually  keep  the  engine  running  at  the  normal  speed. 
If  the  locomotive  engine  man  would  alter  the  reducing  valve  so  as 
to  increase  the  pressure  at  the  electric  light  engine,  instead  of 
trying  to  throttle  the  flow  of  steam  thereto,  he  would  reduae  the 
steam  consumption  ;  but  the  efforts  which  he  does  ordinarily  make. 
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are   misguided    and    increase    the    steam    consumption,    a>    already 
said. 

Tlie  curves  showing  steam  consumption  on  the  road  are  plotted 
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from  kilowatt-steam   curves   derived   from  the   steam   consumption 
test  made  in  the  yard. 

In  Figs.   5  and  6  are  shown  corresponding  results  taken   from 
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an  outfit  on  the  "Pioneer  Limited"  train  on  the  Chicago,  Milwaukee 
&  St.  Paul  Ry.  On  this  train  the  baggage  man  looks  after  the 
apparatus  in  the  baggage  car  and  the  brakemen  look  after  the 
electric  connections  between  cars,  etc. ;  while  the  "Northern  Paci- 
fic" and  "Burlington"'  roads  provide  an  electrician  for  each  train. 
Similar  methods  were  used  in  the  tests  on  this  road  compared  to 
those  on  the  other  roads.  The  engine  was  probably  in  better  order 
than  the  engine  on  the  Northern  Pacific  Ry.  and  was,  therefore, 
>omewhat  more  economical.  Two  round  trips  between  Chicago 
and  St.  Paul  were  made.  On  the  first  trip  north,  the  average  steam 
pressure  was  92  lbs ;  the  average  load  on  the  dynamo  was  8.7  kw., 
and  the  average  steam  consumption  was  690  lb.  per  hr.  On  the.  re- 
turn trip,  the  average  steam  pressure  was  108  lb;  the  average  load 
of  lamps  was  8.9  kw. ;  and  the  average  steam  consumption  was 
380  lb.  per  hr.  On  the  second  trip,  making  the  trip  northward,  the 
average  steam  pressure  was  75.7  pounds ;  the  average  load  of  lamps 
was  9.8  kw. ;  and  the  avci^age  steam  consumption  was  780  lb.  per 
hr.  On  the  return  trip  the  average  steam  pressure  was  90  lb. ;  the 
average  load  of  lamps  was  9.5  kw. ;  and  the  average  steam  con- 
sumption, 770  lb.  per  hr.  The  steam  consumption  on  these  runs  is 
less  than  on  the  Northern  Pacific  Ry.,  partially  due  to  the  good 
condition  of  the  engine,  and  partially  due  to  the  higher  steam  pres- 
sure. A  storage  battery  is  maintained  on  the  train  for  auxiliary 
lighting  while  the  engine  is  disconnected  for  engine  changes. 

A  similar  equipment  of  17  kw.  capacity  was  tested  on  the  Chicago 
&  Northwestern  Ry.  In  this  instance  the  time  of  the  test  occupied 
5.75  hours.  The  average  load  was  8.2  kw.,  the  average  steam  pres- 
-ure  86  lbs.,  and  the  average  steam  consumed  was  870  lb.  per  hr.  The 
:  tal  steam  consumed  during  the  test  was  approximately  5.000 
p  lunds. 

This  equipment  dififered  from  those  of  the  Chicago,  Milwaukee 
\-  St.  Paul  Ry.,  the  Chicago,  Burlington  &  Quincy  Ry.,  and  the 
Northern  Pacific  Ry.  in  using  an  auxiliary  of  Pintsch  gas  light- 
ing instead  of  using  storage  batteries. 

The  records  of  the  tests  and  the  continuous  records  of  the  rail- 
ways show  that  these  baggage  car  sets  have  given  good  satisfaction 
They  use  a  considerable  amount  of  steam  but  they  are  reasonably 
reliable,  and  (especially  when  a  turbine  generator  set  is  used)  are 
without  qualities  which  interfere  with  the  comfort  of  the 
passengers.  They  give  admirable  means  for  electric  lighting  trains 
which  are  made  up  complete  at  one  end  of  a  run,  and  are  continued 
through  to  the  termination  of  a  long  run  without  being  broken  up. 
They  cause  serious  inconveniences  in  connection  with  any  trains 
>\hich  have  to  be  broken  up,  as,  for  instance,  by  setting  cars  on  a 
•ide  track  cr  where  cars  must  be  picked  up  at  junction  points,  etc., 
-ince  difficulty  is  likely  to  occur  with  the  batteries  even  if  these  are 
•  listributed  uniformly  among  the  cars.  With  the  arrangement  of 
•ne  or  two  batteries  on  the  train.  inste:id  of  using  a  battery  on  each 
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car,  a  car  is  obviously  left  without  light  in  case  it  i^  taken  out  of 
the  train,  unless  it  is  also  supplied  with  Pintsch  gas  fixtures  or  oil 
lamps. 

The  advantages  of  doing  away  entirely  with  tlatne  lights  on  the 
cars  is  too  manifest  to  require  more  than  mention,  after  the  moral 
pointed  in  certain  recent  accidents. 

AXLE   DRIVEN    PLANT. 

Careful  tests  were  made  on  several  of  the  axle  driven  equipments 
manufactured  by  different  companies.  These  tests  were  made 
more  particularly  on  the  '" Northern  Pacific''  and  "Burlington"  rail- 
roads, but  some  attention  was  given  to  similar  sets  which  have  been 
installed  on  certain  other  railroads. 

An  axle  driven  cutfit  consists  as  a  rule  of  a  s:nall  genera:  r,  of 
approximately  3  kw.  capacity,  mounted  on  the  truck  of  a  car  and 
driven  by  a  belt  or  gears  from  an  axle.  As  this  generator  partakes 
of  the  variations  of  the  speed  of  the  train,  it  is  necessary  to  use  some 
special  regulating  means  in  order  that  the  electrical  pressure  at  the 
lamps  may  be  maintained  uniform  without  regard  to  the  speed  of 
the  generator.  In  certain  instances  unique  methods  of  much  in- 
genuity, though  of  considerable  complexity,  have  been  adopted  for 
this  purpose. 

The  regulator  control  may  be  classified  in  four  types : 

1.  One  of  these  is  very  simple  in  conception,  and  depends  upon 
mounting  the  generator  in  such  a  manner  that  the  belt  may  slip  at 
the  higher  speeds,  so  that  the  generator  may  be  expected  to  run  at  a 
reasonably  constant  speed  irrespective  of  the  variations  of  the  train 
speed  above  a  certain  predetermined  limit,  and  the  generator  is 
automatically  cut  out  of  circuit  at  lower  speeds.  This  arrange- 
ment has  been  used  in  Europe  in  connection  with  the  Stone  equip- 
ment developed  in  England.  The  extra  slip  of  the  belt  which  occurs 
as  the  speed  of  the  train  increases,  is  brought  about  through  the 
additional  load  which  comes  on  the  generator  on  account  of  the 
extra  charging  current  that  flows  into  the  accompanying  storage 
battery  as  the  generator  pressure  rises.  The  tendency  is  towards 
maintaining  a  constant  generator  current  which  must  be  absorbed 
by  the  battery  when  the  lights  are  turned  oflf. 

2.  Another  of  the  arrangements  for  generator  control  consists 
in  utilizing  the  effects  of  armature  reactions,  wh'ch  are  magnified  bv 
the  design  <»f  tile  d}iia'iM.  so  as  to  keo  the  currer.t  of  a  uniform 
value  irrespective  of  the  speed  of  the  armature  above  a  certain 
predetermined  mark.  This  plan  is  now  used  to  some  degree,  as  I 
understand,  in  Germany.  It  was  also  early  tried  in  this  co.untry, 
but  did  not  succeed  in  effecting  a  permjwient  lodgement  in  practice. 
It  also  operates  in  the  direction  <~»f  producing  a  constant  generator 
current. 

3.  It  is  possible,  and  has  been  tried,  to  place  a  differential  wind- 
ing on  the  trenerator  field  windings  which  decrease^  the  excitation 
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as  the  generator  pressure  and,  consequently,  the  battery  current 
increases,  and  thus  tends  to  regulate  the  generator  pressure. 

4.  The  most  successful  of  the  arrangements  of  generator  con- 
trol comprise  means  for  varxing  the  current  flowing  in  the  shunt 
field  winding  of  the  generator  so  as  to  compensate  for  changes  in 
speed.  All  of  the  successfully  used  axle  driven  outfits  which  are 
on  the  American  market  to-day  utilize  this  manner  of  operation,  but 
there  is  a  wide  diversity  of  methods  and  mechanisms  for  applying 
the  process. 

In  most  of  the  axle  driven  equipments  the  control  is  executed 
with  the  object  of  maintaining  the  generator  current  constant, 
upon  the  hypothesis  that  the  batteries  will  absorb  or  produce  the 
excess  or  deficit  of  current  compared  with  that  utilized  in  the  lamps 
which  chance  to  burn  at  any  particular  moment.  The  idea  leads  to 
simplicity  in  the  controlling  apparatus,  but  it  also  leads  to  variations 
of  pressure  on  the  lamps  which  at  times  are  quite  unsatisfactory. 
Constant  pressure  control  is,  of  course,  the  ideal  sort  of  control  to 
be  used  where  incandescent  electric  lighting  is  involved,  but  no 
successfully  operated  American  apparatus  has  yet  been  developed 
to  follow  this  method.  In  most  instances  a  special  variable  rheostat 
is  connected  in  the  lamp  circuit  to  reduce  the  range  of  variation  of 
pressure  at  the  lamps,  and  this  rheostat  is  controlled  by  the  same 
mechanism  that  controls  the  generator  field  current.  Various  means 
are  used  to  operate  the  generator  field  rheostat  and  the  lamp  rheo- 
stat. For  instance,  an  auxiliary  motor  and  suitable  relay  magnets 
are  used  in  the  Consolidated  and  the  McElroy  axle  equipments. 
In  the  Newbold  and  certain  other  equipments  the  rheostats  are 
controlled  by  a  solenoid  with  its  winding  placed  in  the  generator 
circuit.  In  the  Bliss  equipment  an  ingenious  plan  is  utilized  to 
introduce  a  suitably  variable  counter  electro-motive  force  in  the 
generator  field  circuit  by  means  of  the  armature  of  a  small  auxiliary 
machine  called  a  bucker. 

Of  the  various  equipments  now  on  the  market  most  of  them 
control  by  the  constant  generator  current  method.  T{he  Bliss 
equipment  is  arranged  for  maintaining  the  battery  current  inde- 
pendent of  the  lamp  load  instead  of  the  generator  current  being 
maintained  constant ;  while  the  McElroy  equipment  operates  direct- 
ly as  a  matter  of  voltage  control. 

It  is  to  be  noted  in  this  connection  that  a  strictly  constant  gene- 
rator pressure  would  be  impracticable  even  if  it  could  be  maintained, 
because  the  battery  now  obtainable  requires  the  impressed  voltage 
to  be  increased  for  the  purpose  of  charging  it,  and  means  must 
be  provided  whereby  the  generator  will  automatically  increase  its 
pressure  when  the  battery  Js  to  be  charged,  while  the  lamps  are  at 
the  same  time  properly  protected  by  means  of  a  rheostat  from  an 
excessive  pressure. 

Each  of  the  axle  driven  systems  consists  essentially  of  a  gene- 
rator provided  with  a  suitable  pole-changer  to  maintain  the  appro- 
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priate  polarity  of  the  electric  circuit  whichever  direction  the  car 
may  run,  and  suitable  means  for  transmitting  mechanical  power 
from  the  car  axle  to  the  generator  shaft;  an  automatic  cut-oflF 
switch,  which  is  actuated  by  the  generator  pressure  or  the  train 
speed,  so  as  to  disconnect  the  generator  from  the  car  circuits  when 
the  speed  falls  below  a  predetermined  point,  usually  18  or  20  miles 
per  hour,  and  also  reconnect  the  generator  to  the  circuits  when  the 
train  speed  rises  above  that  limit ;  a  regulator  for  the  purpose  of 
maintaining  a  suitable  voltage  irrespective  of  the  speed  of  the 
train ;  a  storage  battery ;  and  the  needful  wiring,  switches,  and 
lamps  within  the  car.  In  most  instances  the  generator  is  driven  by 
means  of  a  belt  from  a  pulley  mounted  on  one  axle  of  a  car  truck, 
and  the  generator  itself  is  generally  mounted  on  a  framework  sup- 
ported by  the  truck  frame.  The  generator  pulley  is  ordinarily 
arranged  with  a  flange  at  each  end  and  its  face  is  perforated  for 
the  purpose  of  minimizing  the  effects  of  sand,  cinders  and  the  like. 
The  generator  is  sometimes  built  with  a  portion  of  hard  steel  in  the 
pole  pieces  for  the  purpose  of  maintaining  the  polarity  of  the 
magnets  and  preventing  the  possibility  of  a  reversal  of  the  electric 
polarity. 

Tests  were  made  of  the  Consolidated  axle  equipment  on  the 
Northern  Pacific  Ry.  In  this  equipment  the  generator  is  a  bipolar 
shunt  wound  dynamo.  It  is  provided  with  self-oiling  bearings, 
and  is  incased  in  a  dust-proof,  wrought  iron  casing,  which  is  pro- 
vided with  suitable  covers  and  hand  holes  for  repairs  and  inspec- 
tion. This  is  mounted  on  an  iron  frame  bolted  to  the  outer  face  of 
the  forward  truck  sill,  and  pivoted  on  a  rocker  arrangement  with  a 
heavy  adjustable  spring  to  maintain  the  proper  belt  tension.  The 
pole-changer  includes  a  worm  fitted  on  the  armature  shaft  con- 
nected with  a  worm  wheel  on  which  is  mounted  a  cam  of  peculiar 
construction  and  provided  with  a  cam  follower  which  runs  con- 
tinuously in  a  certain  cam  slot  as  long  as  the  train  operates  in 
one  direction,  but  which  is  crowded  into  a  different  cam  slot  if 
the  train  is  operated  in  the  opposite  direction.  When  this  transfer 
of  the  follower  from  one  slot  to  the  other  occurs,  a  reversing  switch 
is  moved  which  maintains  the  dynamo  in  proper  polarity  with  the 
external  circuit.  A  pole-changer  is  manifestly  necessary  on  account 
of  the  storage  batteries. 

The  battery  on  the  Northern  Pacific  car  consists  of  16  cells  of 
the  type,  E  13,  made  by  the  Electric  Storage  Flattery  Co.,  and 
located  under  the  car,  each  cell  being  of  240  ampere-hours  capacty. 
The  battery  is  connected  in  parallel  with  the  generator  and  line. 

The  regulator  is  a  very  important  and  somewhat  complex  part  of 
this  equipment.  It  is  arranged  to  control  the  generator  by  means 
of  a  rheostat  so  as  to  maintain  the  generator  current  substantially 
constant,  and  also  to  maintain  the  voltage  at  the  lamps  fairly  uni- 
form by  means  of  a  lamp  rheostat  as  the  battery  changes  in  pres- 
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sure,  thus  making  the  voltage  of  the  lamps  reasonably  independent 
of  the,  number  of  lamps  in  use  or  the  condition  of  the  battery. 
The  'heostats  are  operated  by  means  of  ratchets  driven  by  pawls 
mr-'ed  by  means  of  a  small  electric  motor,  and  the  pawls  are  con- 
tr  iled  respectively  by  an  electro-magnet  in  the  main  generator  and 
1.'  np  circuits  for  the  generator  control  and  an  electro-magnet 
at  loss  the  lamp  line  for  the  voltage  control  of  the  lamps.  The 
arrangement  of  the  generator  control  makes  it  possible  for  the 
regulator  to  maintain  a  somewhat  larger  generator  current  when 
the  lights  are  turned  on  than  is  maintained  when  the  lights  are 
off.    This  regulator  seems  to  afford  reasonably  good  satisfaction. 

The  automatic  switch  in  this  device  is  arranged  to  connect  the 
generator  with  the  lamp  and  battery  circuit  when  the  generator 
voltage  rises  slightly  above  Ijattery  voltage,  and  to  disconnect  the 
circuit  when  the  generator  voltage  falls  below  the  battery  voltage, 
an  ingenious  plan  being  utilized  to  improve  the  positiveness  of  the 
action  of  the  switch. 

The  problem  of  testing  such  an  apparatus  in  actual  operation  on 
a  railway  train  is  a  peculiarly  difficult  one.  Everything  in  the 
system  is  constantly  in  fluctuation.  The  speed  of  the  train  is  an 
extremely  variable  factor,  and  there  are  considerable  fluctuations 
of  current  and  generator  pressure  with  these  fluctuations  of  speed. 
In  addition  to  this  the  generator  alternately  disconnects  and  re- 
connects with  the  line  when  the  train  comes  to  a  stop  and  starts 
again ;  while  the  lights  are  fed  at  one  time  from  the  generator 
in  conjunction  with  the  battery  and  at  another  time  from  the  bat- 
tery alone.  In  making  these  tests  it  was  desired  to  get  observations 
which  would  make  it  possible  to  draw  curves  showing  the  re- 
lations that  exist  between  the  train  speed,  the  generator  voltage, 
the  lamp  voltage,  the  battery  voltage,  the  generator  current,  the 
lamp  current  the  battery  current  and  the  field  current,  on  the  one 
hand ;  and  on  the  other  hand,  the  integrated  energy  data  relating 
•to  the  total  generator  output,  the  total  energy  consumed  by  the 
lamps,  the  total  battery  charge  and  the  total  battery  discharge;  it 
was  desired  to  h'^-e  these  cover  the  duration  of  an  entire  trip  be- 
tween St.  Paul,  Minn.,  and  Portland,  Ore.,  and  return. 

For  the  purpose  of  facilitating  the  taking  of  all  the  required 
data,  a  switchboard  was  constructed  for  the  purpose  of  bringing 
the  required  electrical  instruments  into  close  association  with  each 
other  so  that  all  the  required  readings  could  be  taken  within  a  few 
seconds  of  time,  and  also  so  that  all  the  instruments  and  switches 
required  in  the  testing  could  be  placed  in  one  seat  of  the  car  at 
the  end  in  which  the  regulator  is  located  in  its  closet. 

In  making  all  the  tests  on  the  axle  driven  sets  the  main  circuit 
connections  between  the  switchboard  carrying  the  testing  instru- 
ments and  the  regulating  devices,  consisted  of  heavy  insulated 
copper  cables  with  a  cross  section  corresponding  to  No.  4  B.  &  S. 
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gauge  wire,  so  that  the  losses  in  these  connections  were  negligible, 
as  they  were  short  as  well  as  of  ample  cross  section. 

In    Fig.   7   is   indicated   the  arrangement   of   the   instruments   in 

Fio.7. 
TEST   CONNECTIONS, 

CONSOLIDATED     AXLE      EIQUIPMENT". 


-'       I     I         I         T     '.    --n    T 


connection  with  the  apparatus  in  the  test  of  the  Consolidated 
equipment.  The  lower  half  of  the  diagram  indicates  the  wiring 
connections  of  the  generating  equipment  and  lamps,  and  the  upper 
half  of  the  diagram  reresents  the  arrangement  of  the  testing  in- 
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struments,  the  various  leads  between  the  equipment  and  the  in- 
struments being  shown  by  dotted  Hnes. 

For  the  purpose  of  assuring  a  satisfactory  separation  of  the 
integrating  wattmeter  record  showing  the  energy  put  into  the  bat- 
tery during  charging,  from  that  showing  the  energy  taken  out  of 
the  battery  during  discharging,  a  special  polarized  relay  was  con- 
structed to  operate  in  connection  with  two  integrating  wattmeters, 
one  of  the  wattmeters  being  utilized  to  record  battery  charge  and 
the  other  to  record  battery  discharge.  This  polarized  relay  consisted 
essentially  of  a  heavy  yoke  of  soft. iron  wound  with  about  forty 
turns  of  No.  4  B.  &  S'  insulated  copper  wire,  through  which  the 
total  battery  current  passed,  so  that  the  iron  core  was  magnetized 
in  one  direction  during  the  charge  of  the  battery  and  in  the  reverse 
direction  during  the  discharge.  Suspended  between  the  pole  pieces 
of  this  yoke  was  one  end  of  a  strong  electro-magnet  of  fixed 
polarity.  This  consisted  of  a  strip  of  soft  iron  wound  with  400 
turns  of  No.  20  insulated  copper  wire  which  were  placed  directly 
across  the  terminals  of  the  battery,  with  lamp  resistance  to  prevent 
the  current  from  being  excessive. 

Mounted  on  either  side  of  this  suspended  magnet  was  an  in- 
sulated brass  button.  With  the  battery  current  flowing  in  one  direc- 
tion, as  upon  charging  the  battery,  the  reaction  between  the 
magnetism  of  the  yoke  and  that  of  the  suspended  magnet  drew  the 
latter  over  until  the  brass  button  came  in  contact  with  two  contact 
pomts  and  thereby  completed  the  circuit  through  the  voltage  coil 
of  the  wattmeter  intended  to  register  battery  charge.  At  the  re- 
versal of  the  battery  current,  the  polarity  of  the  yoke  was  reversed 
and  the  suspended  magnet  was  therefore  drawn  over  toward  the 
other  pole  of  the  yoke,  whereupon  a  brass  button  came  in  contact 
with  two  contact  points  on  this  side  of  the  suspended  magnet  and 
completed  the  circuit  through  the  voltage  coil  of  the  wattmeter 
intended  to  register  battery  discharge,  causing  it  to  record,  while 
the  other  wattmeter  was  then  inoperative  on  account  of  its  voltage 
coil  being  open. 

The  current  coils  of  both  wattmeters  were  placed  in  series  with 
the  battery  circuit  so  that  all  battery  current  passed  through  them. 

By  means  of  two  pilot  lights,  indication  was  afforded  as  to 
which  wattmeter  was  operating  at  any  time,  which  served  as  a 
check  upon  the  operation  of  the  polarized  relay. 

It  was  also  desired  to  determine  the  total  time  of  generator  opera- 
tion. An  ordinary  alarm  clock  was  utilized  for  this  purpose,  but  it 
was  provided  with  an  electro-magnet  attachment  by  means  of  which 
the  clock  stopped  when  current  flowed  through  the  generator  cir- 
cun,  and  the  clock  mechanism  was  released  when  the  generator  was 
cut  out  of  circuit.  The  clock,  therefore,  kept  a  record  of  the  dura- 
tion of  time  when  the  generator  was  out  of  circuit  during  the  run. 

After  the  road  tests  had  been  made,  a  test  of  the  efficiency  of  the 
^'cnerator  was  made,  for  the  purpose  of  arriving  approximately  at 
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the  amount  of  power  required  to  drive  it  during  a  run.  This  was 
done  by  removing  the  belt  from  the  generator  and  driving  it  at 
various  speeds  without  load,  by  means  of  a  small  rated  motor,  the 
generator  being  excited  with  various  exciting  currents.  The  losses 
in  the  electrical  windings  of  the  machine  could  be  readily  com- 
puted from  the  electrical  resistances  of  the  parts ;  and  with  the 
results  of  the  rated  motor  tests  and  these  computations,  the  effici- 
ency of  the  apparatus  can  be  arrived  at  with  a  sufficient  degree  of 
approximation.  • 

It  is  not  my  desire  to  present  the  great  masses  of  data  taken 
on  this  and  similar  tests  of  axle  driven  sets,  but  I  will  give  a  cer- 
tain amount  of  typical  data  to  illustrate  the  operation  of  the  equip- 
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meiit.  The  Consolidated  equipment  on  the  Northern  Pacific  Ry. 
was  new  and  the  pole-changing  device  failed  to  operate  suitably, 
so  that  only  a  part  of  the  run  one  way  was  eflfective  for  test- 
ing. The  duration  of  the  test  extended  over  31  hours,  during  whic* 
the  train  was  above  the  cutting-in  speed  and  the  generator  was 
operating  for  233^  hours,  and  the  lamps  were  lighted  for  13^ 
hours.  The  total  generator  output  during  this  period  was  28.6 
kw.  hr.,  the  lamp  consumption  was  14.6  kw.  hr.,  the  battery  charge 
was  12.2  kw.  hr.,  and  the  battery  discharge  was  4.7  kw.  hr.  The  aver- 
age generator  efficiency  was  80  per  cent.,  and  assuming  3  per  cent, 
loss  in  the  belt,  the  average  power  absorbed  from  the  axle  is  2.1  HP. 
The  total  efificiency  for  the  run  computed  by  taking  the  ratio  of  the 
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lamp  consumption  in  kvv.  hr.  to  the  mechanical  power  put  into  th.e 
generator,  is  slightly  under  40  per  cent. 

In  Fig.  8  are  given  some  of  the  results  of  the  oj)eratiou  which 
are  typical  of  the  results  obtained  throughout  the  est  of  this  equii^- 
nent  The  generator  cu:r?7L  is  notably  uniform  but  the  line  volt- 
age varies  considerably,  which  is  to  the  disadvantage  of  the  lamp^ 
and  to  the  discomfort  of  the  passengers.  The  voltage  variation 
was  from  29  to  33  volts  during  the  part  of  the  run  from  which 
the  data  of  this  curve  were  selected,  and  this  is  typical  of  the  opera- 
tion of  the  equipment.  \\'hen  the  lights  were  turned  on,  the  gene- 
rator current  was  substantially  uniform  at  about  44.  amperes,  inde- 
pendent of  the  speed  of  the  train,  and  furnished  some  charging 
current  to  the  battery  even  with  all  lights  on;  while  the  charging 
current  into  the  batteries  was  about  33  amperes  when  the  lights 
were  oft.  It  is  a  fact  that  the  regulator  of  this  equipment  ought 
to  be  set  for  a  somewhat  lower  current  to  prevent  the  serious  over- 
charging of  the  batteries  which  is  likely  to  soon  exhaust  their  capac- 
ity by  boiling  out  the  active  material. 

A  test  with  a  similar  equipment  except  with  a  ditterent  arrange- 
ment of  the  regulator  was  made  on  the  "Burlington"  railway,  and 
Fig.  9  shows  the  arrangements  for  carrying  out  this  test.  The 
car  carrying  the  equipment  is  a  Pullman  sleeping  and  observation 
car,  and  the  generator  is  identical  with  that  tested  on  the  Northern 
Pacific  Ry.  The  run  was  between  Chicago  and  Kansas  City.  On 
the  outbound  trip  from  Chicago,  the  duration  cf  the  test  was  14  hr.. 
10  min.,  with  the  generator  operating  during  1  1  hr.  and  35  min.  of 
this  time.  The  generator  was  not  operating  during  2  hr.,  35  min.  of 
the  time,  of  which  1  hr.,  22  min.  was  occupied  by  stops,  and  during 
1  hr.,  13  min.  the  train  was  running  below  the  speed  at  which  the 
automatic  switch  cuts  the  generator  off  from  the  car  circuits. 

The  battery  furnished  the  total  current  for  the  lights  for  2  hr.. 
35  min.  The  total  generator  output  was  19.6  kw.  hr.,  the  lamp 
consumption  8.38  kw.  hr.,  the  battery  charge  7.9  kw.  hr.  and  the 
battery  discharge  1.86  kw.  hr. 

On  the  return  trip  from  Kansas  City  to  Chicago  the  total  dura- 
tion of  the  run  was  13  hr.,  14  min.,  with  the  generator  operating  10 
hr.,  55  min.,  and  not  operating  2  hr.,  47  min.  Of  the  latter  time 
I  hr.,  24  min.  was  occupied  in  stops,  and  for  i  hr.,  23  min.  the  train 
was  running  under  speed  with  the  generator  cut  off  from  the  car 
circuits.  The  lights  were  on  the  battery  2  hr.,  47  min.  The  total 
generator  output  was  19.2  kw.  hr.,  the  lamp  consumption  was  7.28 
kw.  hr..  the  battery  charge  7.3  kw.  hr.  and  the  battery  discharge 
1.87  kw.  hr.  Computing  the  efficiency  of  the  equipment  for  the 
round  trip  gives  an  average  of  about  31  per  cent. 

In  Fig.  10  is  shown  a  record  of  typical  results  obtained  on  this 
run.  In  this,  also,  the  regulator  was  set  so  as  to  charge  the  bat- 
tery at  too  high  a  rate,  and  the  batteries  were  tremendously  over- 
charged on  the  tri]).     There  is  reason  in  a  certain  amount  of  bat- 
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terv  overcharging  in  these  axle  driven  equipments,  for  the  purpose 
of  standing  on  the  safe  side  by  always  keeping  sufficient  charge  in 
the  battery  to  meet  the  demands  of  the  lights  in  case  of  emergency; 
but  the  overcharging  is  being  overdone.  The  low  efficiency  of  the 
equipment  is  largely  due  to  the  losses  caused  by  this  overcharg- 
ing of  the  batteries. 

In  Fig.  lo  are  shown  the  results  of  the  operation  of  this  equipment 
under  four  different  conditions :  namely,  all  lights  on,  half  the  lights 


on,  oae-quarter  of  the  lights  on,  and  no  lights  on  but  the  generator 
charging  the  battery.  The  curves  show  that  the  generator  current 
remains  substantially  o  r.start  at  all   speeds  of  the  train  while  the 
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generator  is  connected  with  the  circuit,  but  the  lamp  voltage  varies 
considerably. 

In  Fig.  II  are  exhibited  the  typical  results  of  the  tests  of  a  Xew- 
bold  axle  equipment  taken  on  the  Northern  Pacific  Ry.  in  the  run 
between  St.  Paul  and  Portland.  In  this  instance  the  generator  is  a 
4-pole  dynamo  with  a  capacity  of  40  amperes  at  60  volts  for  full 
load.     It  is  <:uspended  from  the  outside  of  the  front  end  of  the  truck 
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sill,  pivoted  on  a  rocker  roller  which  is  set  on  the  supporting  frame 
and  provided  with  an  adjustable  spring  to  maintain  the  proper 
belt  tension.  The  belt  is  a  4-ply  canvas  and  rubber  belt,  4  in.  wide. 
The  oil  chambers  of  the  generator  bearings  are  large  enough  to 
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hold  oil  so  that  it  is  asserted  that  the  oil  need  not  be  changed 
oftener  than  once  in  several  months.  The  generator  case  is  en- 
closed but  is  provided  with  hand  holes  and  removable  plates  for 
inspection  and  repairs,  and  two  brushes  are  arranged  on  the  for- 
ward side  of  the  commutators  so  as  to  make  them  quite  accessible. 
The  pole-changer  is  ditiferent  from  that  of  the  Consolidated  equip- 
ment, more  particularlv  in  being  a  clutch  pole-changer  which  is 
caused  to  throw  a  switch  in  one  direction  when  the  generator 
armature  ritates  in  one  direction,  and  to  reverse  the  switch  when  the 

Fig.  12,. 
TEIST    CONNECTIONS, 

NEIWBOLD     AXL_E    EQUIPMENT. 
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armature  rotates  in  the  opposite  direction.  The  automatic  switch 
for  cutting  the  generator  into  circuit  and  out  of  circuit  at  the  ap- 
propriate critical  speed  has  characteristics  similar  to  those  of  the 
Consolidated  equipment. 

The  regulator  depends  upon  the  action  of  a  solenoid  magnet 
with  its  winding  in  the  generator  circuit,  which  operates  the  rheo- 
stat arms  against  a  counterbalance  weight.  It  is  not  necessary  to 
describe  this  in  detail.  The  single  solenoid  and  its  attached  rheostat 
mechanism  serve  to  control  the  generator  field  current  for  the  pur- 
pose of  maintaining  the  generator  current  reasonably  constant,  and 
also  to  control  certain  resistance  sections  which  are  thrown  into  the 
lamp  circuit  when  the  batteries  are  being  charged,  thus  maintain- 
ing the  lamp  pressure  reasonably  constant. 

In  Fig.  12  is  shown  the  arrangement  for  testing  this  outfit,  the 
lower  part  of  the  diagram  representing  the  axle  driven  set  with  its 
regulator,  battery,  lamps  and  appurtenances,  and  the  upper  part  of 
the  diagram  indicating  the  testing  instruments.  The  dotted  lines 
intervening  are  the  leads  for  connecting  the  instruments.  The  bat- 
tery on  this  car  consisted  of  32  cells  of  E  13  chloride  accumulators, 
240  ampere  hours  capacity  each. 

The  results  of  this  test  include  the  following :  The  duration  of 
the  test  during  the  run  from  St.  Paul  to  Portland  was  74  hours. 
The  train  was  above  critical  speed  and  the  generator  operated  for 
53  hours,  and  the  train  was  below  critical  speed  so  that  the  gene- 
rator did  not  operate  for  21  hours.  The  lamps  were  lighted  35 
hours.  The  battery  was  under  charge  39  hours.  The  total  gene- 
rator output  was  105  kw.  hr.,  the  lamp  consumption  was  54.3  kw. 
hr..  the  battery  charge  was  56  kw.  hr.,  and  the  battery  discharge 
was  9.7  kw.  hr.  The  power  absorbed  from  the  axle  with  the  train 
running  at  60  m.  per  hr,  was  3.4  HP. ;  and  the  average  efiiciency 
of  the  run  figured  as  the  ratio  of  power  put  into  the  machine,  to 
the  lamp  consumption  was  40  per  cent. 

On  the  return  trip,  the  duration  of  the  test  was  66  hours,  of 
which  the  generator  was  operating  51  hours  and  not  operating  15 
hours.  All  lamps  were  lighted  during  34  hours,  and  the  battery 
was  receiving  charge  for  32  hours.  The  generator  output  was  95.5 
kw.  hr.,  the  total  lamp  consumption  was  55.7  kw.  hrs.,  the  battery 
'charge  was  42.5  kw.  hrs.  and  the  battery  discharge  10.7  kw.  hrs. 
The  efficiency  of  this  run  was  slightly  over  45  per  cent 

Excessive  overcharging  of  the  battery  is  here  again  evident, 
and  it  would  have  served  the  purpose  amply,  if  the  regulator  had 
been  readjusted  to  reduce  the  generator  current  as  much  as  25 
per  cent.  The  overcharging  of  the  batteries  not  only  reduces  very 
much  the  efficiency  of  the  outfit  in  operating,  but  it  also  seriously 
reduces  the  life  of  the  battery.  With  a  regulator  designed  to  main- 
tain a  constant  generator  current,  it  will  be  noted  that  if  the  regu- 
lator is  set  for  28  amperes,  as  was  the  case  with  this  Newbold 
equipment,  and  the  lamps  are  consuming  24  amperes-  then  in  the 
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instance  of  this  particular  equipment  about  3  amperes  go  to  the 
battery  and  the  additional  ampere  goes  to  the  field  of  the  generator ; 
while  when  the  lamp  current  is'  decreased  to  5  amperes  the  battery 
current  increases  to  nearly  23  amperes;  and  in  the  day-time  the 
battery  consumes  all  of  the  generator  current  except  that  supplied 
to  the  field  windings. 

It  is  also  to  be  noted  that  the  line  voltage  maintained  by  this 
equipment  varies  almost  directly  in  proportion  to  the  variation  of 
the  battery  voltage  so  that  the  lights  are  subjected  to  very  con- 
siderable fluctuations  of  voltage.  In  this  instance  the  fluctuations 
were  as  great  as  four  volts  under  conditions  of  varying  speed,  with 
lights  all  orl,  and  they  were  as  great  as  15  volts  with  varying  speed 
and  a  portion  of  the  lights  on.  This  fluctuation  of  voltage  is  entire- 
ly too  great  to  be  satisfactory;  and  in  fact  is  ruinous  to  the  lamps, 
besides  being  very  annoying  to  the  passengers. 

In  connection  with  the  aforesaid  remarks  about  the  overcharging 
of  batteries.  Fig.  13  shows  the  day  battery  voltages  on  the  cars 
equipped  respectively  with  the  Consolidated  and  the  Newbold 
equipments.  From  these  it  will  be  observed  that  the  battery  of  the 
Consolidated  equipment  was  fully  charged  by  12:30  P.  M.,  and 
the  battery  of  the  Newbold  equipment  was  fully  charged  by  noon. 
The  extended  additional  charge  given  throughout  the  afternoon  by 
each  of  these  equipments  wasted  power  and  deteriorated  the  bat- 
teries. An  overcharge  for  a  short  time  occasionally  is  a  good 
thing,  for  the  purpose  of  keeping  the  battery  in  the  best  condition, 
but  an  overcharge  of  a  half  dozen  hours  every  day  at  the  normal 
rate  of  charging  is  sure  to  cause  the  rapid  destruction  of  battery 
capacity. 

A  similar  Newbold  equipment  on  the  dining  car  "Hannibal"  of 
the  Chicago,  Burlington  &  Quincy  Ry.  was  also  tested.  The 
generator  in  this  equipment  was  arranged  for  a  full  load  of  75 
amperes  at  30  volts.  The  dining  car  operated  on  a  short  run,  and 
consequently  the  equipment  was  under  conditions  where  it  must 
maintain  itself  under  extremely  variable  service  on  account  of  the 
diff'erence  of  the  hours  of  lighting  in  the  different  times  of  the 
year ;  that  is,  in  the  winter  months  it  must  maintain  the  lights  on 
the  run  and  must  also  furnish  light  for  an  hour  or  tw^o  hours 
while  standing  in  the  yards  at  the  terminus.  On  the  other  hand,  in 
the  summer  months  the  lights  are  turned  on  for  only  about  1.5 
hours  altogether.  The  run  is  of  about  100  miles  from  Chicago  to 
Mendota,  111.,  and  return,  leaving  Chicago  at  6:10  P.  M.  and  arriv- 
ing at  Mendota  at  8:05  P.  M.,  and  leaving  Mendota  on  the  return 
trip  at  5  156  A.  M.  and  arriving  at  Chicago  at  8  A.  M.  The  car 
had  been  put  into  service  with  this  equipment  about  two  months 
before  the  test,  which  was  made  in  May,  1906.  The  same  tests 
were  made  as  in  the  other  instances,  but  the  instruments  had  to 
be  located  somewhat  differently  on  account  of  the  meagre  space 
in  the  dining  car.     Three  round  trips  were  made  in  this  test;  two 
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under  the  iiurmal  operating  conditiors  of  that  date,  and  one  trip 
was  made  vvitli  the  lights  operated  on  a  schedule  which  would  ap- 
proximate conditions  in  the  winter  months.  The  car  had  never 
been  operated  with  this  equipment  during  the  winter  months. 

The  duration  of  the  first  outward  trip  was  3  hrs.,  50  min.,  the 
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generator  operating  3  hr..  22  min.  The  total  generator  output  was 
8.64  kw.  hr.,  the  lamp  consumption  5.24  kw.  hr.,  the  battery  charge 
3.82  kw.  hr.  and  the  battery  discharge  1.2  kw.  hr 

On  the  return  trip  the  duration  of  the  test  was  3  hr.,  50  min., 
during  which  the  generator  operated  3  hr.,  15  min.  The  total 
generator  output  was  9.36  kw.  hr.,  the  lamp  consumption  was 
6.26  kw.  hr.,  the  battery  charge  3.86  kw.  hr.  and  the  battery  dis- 
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charge   i/)  kw.  lir.     The  efficiency  of  the  run   was  nearly  45   per 
cent. 

In  Fig.  14  are  i^iven  tlie  tvpical  results  of  this  test.  Th  -v  show 
a  better  relation  Ijetween  the  battery  charge  and  the  discharge 
than  in  the  <ither  instances,  but  the  test  taken  under  winter  con- 
ditions shows  that  the  regulator  would  require  to  be  readjusted  for 
winter  conditions  for  the  purpose  of  giving  the  battery  sufficient 
charge  to  enable  it  to  support  the  lamps  durirg  the  long  stands  at 


the  ends  of  the  trip.  This  change  in  the  adjustment  of  the  regu- 
lator, however,  is  very  easily  accomplished  and  requires  relatively 
little  attention  on  the  part  of  the  electrical  engineer  of  the  road. 
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In  Fig.  15  arc  illustrated  the  difference  of  the  conditions  under 
which  the  car  runs  during  the  different  parts  of  the  year.  It  will 
be  seen  from  an  observation  of  this  chart  that  during  six  months 
of  the  year  the  run  of  the  car  is  substantially  wholly  within  the 
periods  of  dusk,  while  the  remaining  six  months  of  the  year  afford 
a  good  proportion  of  daylight,  especially  in  the  morning  run.  In- 
deed, during  June  and  July  very  little  artificial  light  is  needed 
in  the  car  for  the  morning  run.  The  cross-hatching  in  Fig  15  indi- 
cates the  time  during  which  the  lamps  should  be  lighted,  this  time 
being  supposed  to  include  the  period  from  one  hour  before  sunset 
to  one  hour  after  sunrise,  at  every  day  in  the  year.  The  length  of 
the  period  of  all-night  service  varies  from  10^  hours  at  a  mini- 
mum in  June  to  17  hours  at  a  maximum  in  January,  which  is  an 


increase  of  nearly  70  per  cent,  in  the  total  hours  of  all-night  light- 
ing in  January  over  that  for  June.  In  the  case  of  a  special  car  like 
that  of  the  dining  car  "Hannibal"  the  ratio  is  even  greater,  as  may 
readilv  be  observed   bv  examining  the   chart.     These   cases   point 
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to  the  idea  that  it  is  important  where  axle  driven  equipments  are 
used,  to  plan  to  change  the  adjustment  of  the  regulators  at  certain 
intervals  in  each  year,  for  the  purpose  of  preserving  the  batteries 
and  saving  power,  and  yet  furnish  ample  charge  to  the  batteries 
to  alwavs  meet  emergency  conditions. 

It  is  to  be  noted  farther  that  in  the  instance  of  the  car  "Hannibal" 
the  wiring  of  the  car  was  not  sufficient  to  carry  the  current  of  the 
low  potential  lamps  without  an  excessive  loss.     This  is  indicated  by 

Fig.  16. 

TEST   CONNECTIONS, 
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the  great  difference  between  the  curves  in  Fig.  14  illustrating 
generator  voltage,  battery  voltage  and  line  voltage.  Also,  the  bat- 
ter)^ is  too  small  for  the  service,  and  in  fact  the  16  cells  of  the  bat- 
terv  of  336  ampere  hours  each  were  charged  at  a  rate  much  ex- 
ceeding their   normal   charging  rate. 

WIRING  DIAGRAM  OF  BLI3S   EQUIPMENT 
SHOWING    ARRANGEMENT   OF    BUCKER. 
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An  equipment  of  the  Bliss  system  was  also  tested  in  a  run  on  the 
Xorthern  Pacific  Ry.  The  method  of  control  in  this  system  is 
different  from  the  others,  as  heretofore  remarked.  The  equipment 
tested  in  this  instance  was  arranged  with  a  gear  drive  though  it  is 
my  understanding  that  the  gear  drive  has  been  since  replaced  by 
a  belt  drive.  The  generator  has  four  poles.  It  was  suspended 
inside  the  truck  and  geared  to  the  axle  by  means  of  a  driving 
gear  mounted  on  one  end  of  a  split  quill  surrounding  the  axle. 
This  quill  was  driven  from  the  axle  by  means  of  four  driving 
springs  connected  to  a  dog  with  two  arms,  and  the  dog  was  secured 
to  the  axle.  The  quill  was  supported  by  two  sets  of  roller  bearings 
comprised  within  the  generator  frame  so  that  none  of  the  weight 
of  the  generator  and  quill  came  directly  upon  the  car  axle  but  was 
all  supported  by  the  truck  frame.  Plenty  of  clearance  was  provided 
between  the  quill  and  the  axle,  so  that  there  seemed  to  be  no  in- 
herent difficulty  with  this  mode  of  operation ;  though  the  spring 
drive  did  not  prove  to  be  sufficiently  durable  under  the  conditions 
of   the   particular   installation. 
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The  regulator  of  the  apparatus  is  unique.  Instead  of  the  use  of 
a  variable  field  rheostat,  a  variable  electromotive  force  is  utilized 
to  control  the  current  in  the  field  circuit  of  the  generator.  This 
is  accomplished  by  means  of  an  auxiliary  bucker  armature  driven 
at  substantially  constant  speed  by  a  small  direct  connected  motor. 
The  excitation  for  the  field  within  which  this  bucker  armature 
rotates  is  developed  by  the  battery  charging  current,  so  that  the 
electromotive  force  set  up  by  the  bucker  armature  is  proportional 
to  the  batiery  charging  current. 

Assuming  that  the  charging  current  flowing  into  the  battery  is 
proportional  to  the  rise  in  the  generator  voltage  above  the  normal 
battery  voltage  it  will  be  seen  that  this  arrangement  affords  means 
for  varying  the  electromotive  force  of  the  generator  so  that  the 
battery  charging  current  will  remain  substantially  constant  for  a 
fixed  speed,  regardless  of  the  number  of  lamps  burning.  When 
the  train  speed  increases,  the  generator  voltage  will  normally  in- 
crease, thus  causing  a  proportionate  increase  in  charging  current, 
but  this  causes  an  increase  of  the  bucker  electrc motive  force,  thereby 
reducing  the  field  current  and  partially  compensating  for  the  rise 
in  train  speed;  and  vice  versa.  Left  without  other  precautions  this 
arrangement  would  result  in  a  considerable  change  of  the  lamp 
voltage  when  the  battery  changed  from  the  conditions  of  discharge 
to  the  conditions  of  taking  a  charge,  at  the  instant  that  the  gene- 
rator comes  into  circuit  at  the  critical  speed  of  the  machine,  but 
thi^  is  compensated  for  by  placing  another  winding  on  the  bucker 
armature  which  is  arranged  to  introduce  a  counter  electromotive 
force  in  the  lamp  circuit  of  the  proper  value  to  compensate  for 
the  change  due  to  the  alteration  from  discharge  to  charge  con- 
ditions. This  winding,  of  course,  is  of  low  resistance  and  large 
carrying  capacity ;  and  it  is  short  circuited  by  an  automatic  device 
when  the  lights  are  being  supplied  by  current  from  the  battery 
and  no  regulation  is  necessary. 

The  battery  used  with  this  equipment  comprised  32  cells  of  the 
National  type,  each  of  180  ampere  hours  capacity.  The  pole-chang- 
ing device  consisted  of  an  arrangement  for  allowing  the  brushes 
to  rotate  with  the  commutator  for  one-quarter  of  a  revoultion 
upon  the  reversal  of  the  direction  of  the  rotation  of  the  generator 
armature.  The  generator  being  a  four-pole  generator  this  puts 
the  brushes  in  positions  of  like  polarity,  whichever  direction  the 
generator  runs. 

The  wiring  of  this  outfit  is  quite  different  from  the  wiring  of  the 
other  outfits  referred  to,  but  the  same  general  arrangements  were 
utilized  for  making  the  test.  Fig.  16  shows  a  diagam  of  the  ar- 
rangement, the  lower  half  of  the  diagram  showing  the  apparatus 
to  be  tested  and  the  upper  half  showing  the  instruments  used,  while 
the  dotted  lines  connecting  the  two  represent  the  leads  running  be- 
tween the  instruments. 

The  test  of  this  equipment  was  made  in  the  run  from  St.  Paul 
to  Portland.     The  total  duration  of  the  test  was  74  hr.,  during 
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which  the  generator  operated  49.5  hr.  and  the  train  was  below  the 
critical  speed  and  the  generator  was  not  operating  24.5  hr. ;  the 
total  generator  output  was  57.9  kw.  hr.,  the  lamp  consumption  was 
28.4  kw.  hr.,  the  battery  charge  was  8.5  kw.  hr.,  and  the  battery  dis- 
charge was  7.3  kw.  hr.    In  this  instance  the  battery  charge  perhaps 
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does  not  have  sufficient  margin  over  the  battery  discharge  and  a 
correction  of  this  condition  should  perhaps  be  made.  The  average 
efficiency  for  the  trip  was  about  30  per  cent. 

In  Fig.  17  are  shown  typical  results  of  th's  test,  from  which  it  will 
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be  observed  that  the  lamp  regulation  is  unusually  good,  the  voltage 
of  the  lamps  changing  only  from  56  volts  to  58.5  volts  as  the  train 
changed  from  a  standstill  to  a  speed  of  50  miles  per  hour.  The 
battery  charge  is  independent  of  the  number  of  lamps  burning,  but 
does  depend  upon  the  train  speed,  being  zero  at  25  miles  per 
hour  and  gradually  rising  with  the  train  speed  to  a  value  of  8 
amperes  with  a  train  speed  of  50  miles  per  hour.  The  battery 
charging  current,  the  field  bucker  voltage  and  the  lamp  bucker 
voltage  each  increase  directly  wnth  the  train  speed,  while  the  field 
current  and  the  motor  driving  current  vary  inversely  with  the 
speed.  The  method  of  regulating  brings  about  a  nearly  constant 
generator  current  which  is  due  to  the  fact  that  the  battery  current 
increases  as  the  train  speed  rises,  but  the  field  current  decreases, 
and  these  substantially  compensate  for  each  other.  There  is  a  fault 
in  the  apparatus  which  is  shared  by  the  other  axle-machine  sys- 
tems: namely,  that  they  do  not  sufficiently  maintain  the  uniformity 
of  lamp  voltage  when  the  conditions  change  from  those  of  a  de- 
pleted battery  to  those  of  a  battery  fully  charged.  The  manner  of 
charging  the  battery  at  a  rather  low  rate  from  one  end  of  the 
run  to  the  other,  except  when  the  generator  is  not  operating,  is 
advantageous,  however,  and  the  uniformity  of  lamp  voltage  is  to 
be  particularly  commended. 

It  was  expected  to  test  the  operation  of  one  or  two  other  types 
of  axle  driven  equipments  on  the  Northern  Pacific  Ry.,  but  they 
were  not  ready  for  service  within  the  time  available  for  executing 
the  work,  so  that  no  other  axle  driven  equipment  besides  the  two 
Consolidated  equipments  (respectively  on  the  Northern  Pacific  and 
Burlington  roads),  the  two  Newbold  equipments  (respectively  on 
the  Northern  Pacific  and  Burlington  roads),  and  the  Bliss  equip- 
ment were  given  actual  tests.  Other  equipments  were  rather  close- 
ly observed  in  connection  with  their  operation  on  certain  roads. 

PLAIN  STORAGE  BATTERY  LIGHTING. 

A  test  was  made  of  plain  storage  battery  lighting  in  connection 
with  its  operation  on  the  "Burlington"  railroad.  This  was  made  on 
a  run  between  Chicago  and  ^^linneapolis.  Each  car  of  the  train 
was  equipped  with  a  battery  of  48  cells  made  by  the  American  Bat- 
tery Co.,  each  cell  having  a  capacity  of  160  ampere  hours.  The 
batteries  of  all  cars  are  charged  and  discharged  together,  train 
lines  being  run  through  the  cars,  and  the  charge  is  given  to  the 
batteries  at  the  terminal  stations,  Minneapolis  and  Chicago.  The 
equipment  is  extremely  simple,  has  no  regulating  devices  or  compli- 
cated mechanism  in  the  circuit.  A  charge  is  given  to  the  batteries 
from  a  stationary  charging  plant  during  the  day  at  Minneapolis, 
and  this  is  followed  by  the  discharge  required  to  light  the  lights  on 
the  train  during  the  night  run  to  Chicago.  At  Chicago  the  bat- 
teries are  again  charged  during  the  day,  and  are  discharged  in 
lighting  the  train  during  the  night  run  in  the  return  to  Minneapolis. 
A  gasoline  engine  generator  set  is  used  at  Minneapolis  for  the  charg- 
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ing,  and  as  soon  as  the  train  is  backed  into  the  yards  in  the  inorn- 
ing  the  connections  are  made  to  the  train  and  the  charging  begins 
without  removing  the  batteries.  Except  for  an  interval  from  12 
to  I,  the  batteries  are  charged  continuously  from  8:30  A.  M.  to  5:30 
P.  M.,  using  a  current  of  about  40  amperes  to  the  train  of  four 
cars.  At  Chicago  the  batteries  are  charged  by  a  steam  driven 
generator. 

In  testing  this  equipment,  switches  were  placed  in  the  battery 
circuits  of  each  car  so  that  an  ammeter  could  be  inserted  to  measure 
the  current  flowing.  Readings  of  current  and  voltage  were  taken 
for  each  car  at  15  minute  intervals.  The  results  given  in  the  fol- 
lowing table  are  the  averages  of  three  separate  discharges  which 
were  tested : 
CJiair  Car  A'o.  501. 

Total  lamp  consumption  for  3  one  way  trips 17-94  kw.  hr. 

Total  battery  charge  3   days 38.6     kw.  hr. 

Watt  hour   efficiency   of  battery 46.5  per  cent. 

Pullman   Car  "Pantheon." 

Total  lamp  consumption  3  one  way  trips 20.9     kw.  hr. 

Total    battery   charge    3   days 45-7     kw.  hr. 

Watt  hour  efficiency   of  battery 45      per  cent. 

Pullman  Car  "Apollo." 

Total  lamp  consumption  3  one  way  trips 26.1     kw.  hr. 

Total  battery  charge  3  days 51.9     kw.  hr. 

Watt  hour  efficiency   of   battery 50.3  per  cent. 

Chair  Car  No.  415 1. 

Total  lamp  consumption  3  one  way  trips 17.4     kw.  hr. 

Total  battery  charge   for   3   days 31.5     kw.  hr. 

Watt  hour   efficiency  of  battery 55      per  cent. 

The  batteries  were  old  ones  and  had  been  operated  in  this  service 
for  several  years,  which  fact  accounts  for  the  rather  low  efficiencies. 
They  were  somewhat  overcharged  each  day,  but  not  more  than  is 
desirable  to  prevent  the  plates  from  getting  into  bad  order.  The 
operation  of  this  equipment  is  quite  satisfactory  from  the  point  of 
view  of  the  passengers.  The  lights  are  connected  to  the  newly 
charged  battery  at  the  beginning  of  the  trip  and  make  a  good  show- 
ing on  account  of  brilliancy,  while  later  in  the  night  when  the  volt- 
age falls  as  the  battery  discharges,  the  need  of  the  lights  is  not  so 
great. 

CONCLUSION. 

In  considering  the  comparison  of  these  several  methods  of 
operating,  it  is  to  be  noted  that  the  first  essential  is  to .  provide 
a  satisfactory  and  safe  light  which  will  not  interfere  with  the  opera- 
tion of  the  train,  and  a  great  many  considerations  enter  into  the 
•account  which  are  not  necessary  to  refer  to  when  dealing  with  the 
afi'airs  of  ordinary  electric  lighting  concerns.  Each  of  the  above 
named  types  of  equipment  have  certain  advantages  and  disad- 
vantages for  service ;  but  in  each  instance  the  success  of  the  equip- 
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ment  lies  largely  in  the  hands  of  the  operating  department  of  the 
railway,  provided  the  people  supplying  the  apparatus  have  prop- 
erly installed  it  and  seen  to  it  that  the  car  wiring  is  right. 

The  simplest  method  of  any  is  undoubtedly  the  straight  storage 
equipment,  but  it  has  the  disadvantage  of  requiring  expensive 
charging  stations  for  charging  the  batteries  at  the  terminals ;  and  it 
is  not  applicable  to  long  runs  overland.  It  is  most  economically 
operated  on  short  runs  where  there  is  heavy  traffic  and  a  large 
number  of  cars  are  equipped.  Even  there  it  is  doubtful  whether  it 
can  hold  its  own  against  the  axle  drive. 

The  Chicago  and  Northwestern  Ry.  is  now  making  some  trials 
in  its  cars,  of  the  use  of  arc  lamps  operated  from  primary  bat- 
teries, but  this  arrangement  does  not  possess  the  qualities  required 
for  success. 

The  steam  driven  generators  are  probably  next  in  the  order  of 
simplicity,  but  they  have  the  disadvantage  of  requiring  consider- 
able attention.  The  Chicago,  Milwaukee  &  St.  Paul  Ry.  and  the 
Chicago  &  Northwestern  Ry.  have  partially  overcome  this  objec- 
tion by  training  their  baggagemen  to  operate  the  engine  sets  in 
addition  to  looking  after  their  regular  duties.  But  the  greatest 
disadvantage  of  this  system  relates  to  the  inconvenience  that  comes 
from  the  necessity  of  operating  the  train  as  a  unit.  However,  the 
equipment  is  very  satisfactory  when  applied  to  trunk  line  trains 
operating  for  definite  runs,  and  especially  to  the  so-called  over- 
land trains  with  very  long  runs  and  insignificant  changes  of  the 
cars  between  terminals. 

The  axle  equipments  have  the  disadvantage  of  apparent  complex- 
ity ;  but  they  possess  the  very  large  advantage  of  providing  for  the 
lighting  of  each  car  as  an  independent  unit  in  itself,  which  makes 
this  method  of  lighting  feasible  for  application  to  individual  cars  on 
miscellaneous  lines  as  well  as  to  cars  in  trains  operating  as  a  unit. 
In  fact  it  may  be  said  that  there  are  a  great  proportion  of  cars  for 
passenger  service,  such  as  dining  cars,  parlor  cars,  mail  cars,  many 
sleeping  cars,  as  well  as  ordinary  day  coaches,  for  which  this  is 
the  only  advantageous  method  of  lighting  by  electricity;  and  for 
which  it  is  by  all  odds  the  safest  and  most  satisfactory  method  of 
lighting.  A  prime  difficulty  with  the  axle  drive  arises  on  account 
of  the  fact  that  the  railroads  have  not  yet  obtained  enough  equip- 
ments to  make  worth  while  the  organization  of  a  careful  force 
for  their  inspection  and  maintenance.  This  is  absolutely  an  essen- 
tial feature,  and  must  be  brought  about  before  the  axle  drive  equip- 
ment can  be  expected  to  give  reasonable  satisfaction.  Another 
difficulty  lies  in  the  fact  that  the  manufacturers  have  not  yet  put 
their  regulating  devices  upon  a  fully  satisfactory  basis. 

The  manufacturers  are  also  to  be  criticized  because  they  have  not 
followed  up  the  installation  of  their  equipment  with  sufficient  care, 
and  have  not  fully  instructed  the  railway  employees  in  the  manner 
of  inspecting  and  handling  the  equipments.    The  operation  of  axle 
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equipments  is  intricate,  and  any  railroad  entering  the  field  of  electric 
lighting  by  this  means  should  place  the  work  under  the  direction  of 
a  man  who  has  a  clear  conception  of  all  the  considerations  re- 
quired in  the  operation  of  these  appliances,  and  who  is  also  well 
acquainted  with  the  characteristics  of  storage  battery  operation. 
When  this  is  done,  and  the  manufacturers  co-operate  properly  with 
the  railroads,  the  axle  drive  equipments  will  become  a  factor  of 
very  large  importance  to  the  railroads.  However,  where  a  railroad 
buys  a  few  equipments  and  places  them  in  operation  on  its  cars  as 
a  matter  of  trial,  leaving  them  to  substantially  take  care  of  them- 
selves, or  in  the  hands  of  ordinary  yard  men,  it  may  be  expected 
that  the  experiment  will  result  in  failure  and  dissatisfaction ;  and  it 
will  also  enlarge  the  misconception  which  now  in  some  degree 
exists  as  to  the  real  merit  of  these  equiprrients. 

The  relation  of  the  steam  used  by  the  engine  driven  electric 
lighting  sets  and  the  axle  driven  sets  for  a  given  train  is  some- 
what difificult  to  fix,  but  the  following  figures  are  approximate. 
On  trains  like  the  "Pioneer  Limited,"  the  "Overland  Limited,"  etc., 
etc.,  the  steam  consumption  while  the  electric  light  plant  is  in  opera- 
tion, with  the  steam  driven  sets,  is  from  700  to  900  pounds  of  steam 
per  hour  for  eight  car  trains.  This  makes  a  steam  consumption  of 
approximately  ico  lb.  per  hr.  per  car  on  the  train.  The  electric 
light  engine  operates  from  8  to  10  hours  a  day,  and  it  may  be 
taken  as  an  average  figure  that  about  900  lb.  of  steam  are  con- 
sumed per  day  per  car. 

In  the  cars  with  the  axle  driven  sets  the  average .  power  absorbed 
from  the  axle  throughout  a  run  may  be  set  down  as  between  2 
and  3^  HP.  per  car,  depending  upon  the  character  of  the 
car  and  the  system  considered.  For  the  extended  lines  overland, 
this  continues  for  24  hours  out  of  every  day  and  consequently 
from  48  to  60  HP.  hr.  are  absorbed  from  the  axle.  Assuming  that 
the  locomotive  can  develope  each  horsepower  with  30  pounds  of 
steam  per  hour,  the  consumption  of  steam  by  the  axle  driven  set 
amounts  to  between  1,500  and  1,800  lb.  of  steam  per  24  hr.  day, 
which  is  from  50  per  cent,  to  100  per  cent,  larger  than  the  amount 
of  steam  used  by  the  baggage  car  set.  This  is  offset  by  the  fact 
that  the  operation  of  the  set  is  rendered  automatic  and  requires  in- 
spection and  testing  only  at  the  ends  of  the  trip  instead  of  requiring 
this  attention  continuously  during  the  run,  and  that  the  consump- 
tion of  steam  per  hour  is  only  0.65  to  0.75  as  great  as  with  the 
engine  driven  sets. 

When  the  run  comprises  only  the  time  of  a  single  night,  or  less, 
instead  of  extending  over  twenty-four  hours,  the  advantage  turns 
distinctly  towards  the  axle  driven  equipment.* 

As  before  pointed  out,  one  of  the  features  that  militates  against 

*  Since  this  manuscript  was  written,  the  writer  has  received  a  copy  of  a 
careful  paper  by  Mr.  O.  W.  Ott,  who  discusses  this  question.  The  paper  was 
read  before  the  Western  Railway  Club  in  April. 
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the  best  success  of  certain  of  the  axle  driven  sets  lies  in  the  fact 
that  the  manufacturers  have  not  learned  to  install  their  apparatus 
in  the  best  possible  manner  and  are  willing  to  undertake  the  opera- 
tion of  the  sets  in  connection  with  cars  which  are  poorly  wired.  The 
same  fault  has  been  observed  in  connection  with  some  tests  that 
were  made  under  my  direction  of  two  of  the  types  of  electric  arc 
headlight  apparatus  which  are  now  in  some  considerable  use.  Such 
headlight  apparatus  has  been  ordinarily  installed  in  what  ex- 
perienced electric  light  people  would  call  a  slovenly  manner,  while 
the  exigencies  of  service  should  require  it  to  be  installed  in  a  man- 
ner bearing  the  highest  character  known  in  the  art. 

DISCUSSION. 

President  Abbott:  During  the  reading  of  this  paper  I  was  im- 
pressed with  two  facts :  ( )ne  was  how  desirable  the  railway  people 
must  consider  electric  light  in  comparison  with  gas  lamps  with 
which  their  cars  are  equipped,  to  warrant  them  in  going  to  the  great 
expense  implied  by  this  paper  in  fitting  up  their  trains  with  such 
a  lightning  equipment.  The  other  fact  was,  in  what  great  luck  the 
passengers  are  in  having  any  light  at  all  with  such  equipments  as  the 
trains  are  furnished. 

Train  lighting  is  a  question  of  increasing  importance,  and  I  think 
the  desirability  of  electric  lighting  will  be  one  of  the  minor  but  yet 
important  considerations  in  eventually  changing  the  propelling  force 
of  the  passenger  trains  from  steam  to  electricity. 

Mr.  H.  R.  King,  m.w.s.e.  :  Mr.  Jackson  lays  considerable  em- 
phasis on  the  point  that  the  manufacturer  had  considerable  work  yet 
to  do  before  train  lighting  systems  would  be  a  commercial  success.  I 
think  the  paper  shows  that  they  have  expended  considerable  time 
and  thought  in  trying  to  arrive  at  a  satisfactory  solution  of  the 
problem  and  with  a  fair  degree  of  success.  Many  schemes  have  been 
tried  with  more  or  less  satisfactory  results.  We  had  under  con- 
sideration some  time  ago  a  train-lighting  device  brought  to  us  by 
an  inventor.  We  were  asked  to  supply  the  generator.  The  ex- 
perimental model  was  intended  for  head-lighting,  and  it  was  ex- 
pected that  the  scheme  would  be  extended  to  train-lighting  if  it 
proved  a  success  in  the  application  to  head-lighting.  The  generator 
was  connected  to  an  ordinary  ventilating  fan  located  in  front  of  the 
locomotive,  just  below  the  headlight;  the  idea  being  that  the  fan 
would  revolve  with  considerable  power  when  the  train  was  under 
way.  Suitable  controlling  apparatus  was  installed  to  compensate 
for  speed  variation.  The  model  was  placed  on  one  of  the  Pere  Mar- 
quette trains  and  was  tested  for  some  time,  but  I  do  not  know  with 
what  success.  The  scheme  was  eventuallv  dropped.  It  was  some- 
what novel,  and  shows  to  what  extent  inventors  have  gone  to  solve 
the  train-lighting  problem. 

Referring  again  to  the  subect  of  the  paper,  I  would  be  much  in- 
terested in  a  comparison  of  the  regulation  of  the  three  systems:  the 
turbine  driven  outfit,  the  reciprocating  engine  outfit,  and  the  axle 
driven  (outfit.    How  close  is  the  regulation  of  these  various  schemes, 
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considering-  the  regulation  as  the  fluctuation  of  the  voltage  at  the 
lamps  ?  The  maintenance  of  the  lamps  depends  upon  the  regulation, 
and  is  an  important  factor  in  determining  the  best  system. 

The  question  of  vibration  is  one  which  the  author  points  out  as 
being  touched  upon  in  a  paper  read  before  this  society  some  time 
ago.  As  the  W'estinghouse  engine  is  single  acting,  the  question 
might  be  raised  as  to  what  effect  a  double  acting  engine  has  as  to 
vibration. 

The  author  of  the  paper  states  that  the  C.  &  X.  W.  Ry.  Company 
is  now  experimenting  with  arc  lamps  for  train  lighting.  It  would 
be  interesting  to  know  what  the  difficulties  are.  It  is  evident  that 
an  arc  lamp  suitably  constructed  would  be  much  less  affected  by 
voltage  fluctuation  than  the  incandescent  lamps  and  would  allow 
more  latitude  in  the  design  of  the  lighting  system  on  account  of  the 
permissible  fluctuation.  I  believe  an  arc  lamp  can  be  constructed 
that  will  successfully  operate  under  the  nomial  vibration  of  the 
train. 

President  Abbott :  Along  the  Tne  of  what  ]\Ir.  King  has  just  been 
saying,  I  should  also  think  that  Tantalum  lamps  would  work  better 
than  carbon  filament  lamps  on  account  of  being  less  affected  by 
variation  in  voltage. 

Mr.  Bohan,  {N.  P.  Ry.)  :  One  evident  disadvantage  of  the  steam 
equipment,  not  found  with  axel  devices,  is  the  continuous  drain  on 
the  locomotive  on  grades  and  under  such  conditions  as  bad  track, 
w^eather,  etc.,  where  it  is  necessary  to  run  at  low  speeds.  In  the 
case  of  the  axel  equipment,  when  the  train  is  running  at  a  speed 
low-er  than  the  cutting  in  speed  of  the  axel  generator  (which  is  a 
frequent  occur ance),  the  lighting  load  is  carried  entirely  on  the 
battery,  and,  in  going  down  grades,  of  course,  no  power  from  the 
locomotive  is  used  whatever. 

During  the  past  winter  we  have  had  several  severe  storms  on  our 
line  in  Dakota  and  ^Montana,  with  temperatures  varying  around 
fifty  degrees  below  zero,  where  we  have  not  been  able  to  maintain 
the  average  cutting  in  speed  of  axle  generators  and  have  found  it 
necessary  to  shut  down  the  dynamo  engine  to  haul  the  train.  We 
have  also  found  it  decidedly  advantageous,  on  account  of  the  drain 
on  the  boiler,  to  shut  down  the  dynamo  eng-ine  to  make  running  time 
on  high  speed  trains  in  good  weather,  where  extra  cars  have  been 
addd,  which  taxed  the  power  to  its  utmost. 

Another  disadvantage  with  the  steam-operated  dynamo  (in  the 
baggage  car  at  least)  is  the  necessity  of  getting  the  dynamo  as 
near  the  locomotive  as  possible  to  avoid  carrying  steam  through 
long  lengths  of  pipe,  and  steam  connections.  It  is  frequently  un- 
desirable to  place  the  dynamo  car  next  to  the  engine,  and  some  roads 
are  carrying  steam  back  as  many  as  three  cars.  I  do  not  think  it 
exaggerating  to  state  that  in  such  cases  the  steam  loss  is  frequently 
sufficient  to  light  a  number  of  cars  in  a  train. 

Another  matter  of  considerable  importance  is  the  maintenance  of 
dvnamo   steam   couplings,   throttle  valves   and   reducing  valves   on 
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locomotives.  This  apparatus  requires  a  great  deal  of  attention, 
particularly  in  bad  water  districts.  Each  additional  appliance  on 
a  locomotive  means  more  work  for  the  repair  man,  which  is  to  be 
avoided  as  much  as  possible  in  these  strenuous  days  of  railroading-. 
The  steam  outfits  on  the  other  hand,  are  ideal  in  that  the  source  of 
power  is  centralized  in  a  simply  constructed  unit,  requiring  very 
little  repairs.  Electric  and  mechanical  failures  are  rare  exceptions, 
and  light  is  practically  assured  at  all  times  when  steam  is  available. 

Results  thus  far  obtained  from  individual  axle  devices  indicate 
that  thev  are  not  the  solution  of  the  problem,  on  account  of  the 
amount  of  equipment  required,  large  first  cost,  expensive  mainte- 
nance, and  other  well  known  objections.  The  source  of  power  from 
the  axle,  however,  is  ideal,  and  the  ability  to  dispense  with  train 
electricians  is  another  point  decidedly  in  the'r  favor.  A  system  that 
will  combine  the  virtues  and  eliminate  most  of  the  objections  found 
in  both  the  steam  and  individual  lighting  outfits  w^ould,  therefore, 
appear  to  come  nearest  to  solving  the  problem.  I  believe  that  such  a 
system  should  consist  of  a  single  head  end  generator,  of  ample 
capacity  to  light  an  entire  train,  combined  with  sufficient,  carefully 
selected  storage  batteries,  properly  distributed.  The  machine  should 
be  located  inside  the  car  and  mounted  on  the  truck.  Mounting  the 
generator  on  the  truck  below  the  body  of  the  car  is  a  mistake  for 
several  reasons :  Repairs  to  truck  are  hampered,  the  apparatus  is 
inaccessible  for  repair,  and  the  machine  and  wiring  are  exposed  to 
weather,  flying  particles,  snow,  and  dust,  which  produces  a  large 
number  of  failures  with  the  present  outfits.  The  machines  can  be 
located  inside  the  car  and  mounted  on  the  truck  by  means  of  a  cast 
steel  or  other  metal  framework  extending  through  the  floor,  ample - 
clearance  being  provided  to  take  care  of  movements  of  the  car  body 
and  truck.  Openings  in  the  floor  can  be  suitably  housed  by  means  of 
flexible  diaphragms.  This  method  of  mounting  is  entirely  practic- 
able without  materi'al  changes  in  present  forms  of  standard  car 
and  truck  construction.     The  drive  can  be  either  belt  or  chain. 

The  matter  of  selection  of  the  proper  battery  to  suit  the  con- 
ditions cannot  receive  too  much  attention.  Every  man  who  has 
been  up  against  the  battery  problem  will  attest  to  the  fact  brought  out 
by  the  writer  of  the  paper,  that  batteries  used  in  connection  with 
all  train  lighting  devices  are  subject  to  many  abuses,  principal  of 
which  are  the  lack  of  attention  by  terminal  men,  overcharging  and 
overdischarging.  The  first  can  be  overcome  only  by  strict  dis- 
cipline ;  the  other  two  can  be  largely  overcome  by  careful  selection, 
and  suitable  charging  facilities,  which  are  available  at  small  cost. 
The  number  of  batteries  and  their  size  should  be  reduced  to  a 
minimum.  A  battery  should  not  be  put  on  a  car  unless  operating 
conditions  absolutely  require  it.  Many  electric  lighted  trains  are,  in 
my  opinion,  "over-batteried."  With  a  view  of  overcoming  this  con- 
dition, which  exists  to  a  certain  extent  on  our  line,  we  have  equipped 
one  of  our  North  Coast  Limited  Trains  with  two  large  batteries  of 
fift\'-two  cells  each — one  located  under  the  baggage   car  and  one 
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under  the  observation  car.  The  combined  battery  is  of  sufficient 
capacity  to  Hght  the  entire  train  for  a  period  of  five  hours  in  case  of 
shut-down  to  the  dynamo.  The  train,  with  the  exception  of  one 
sleeper  cut  out  at  Livingston  during-  the  summer  months,  and  one 
sleeper  cut  in  at  Seattle  and  Tacoma,  respectively,  west  bound,  and 
one  sleeper  cut  in  at  Butte,  east  bound,  runs  between  terminals  in 
tact.  Two  batteries  are  used  in  order  to  light  the  two  ends  of  the 
train  when  cutting  cars  in  or  out.  The  batteries  are  controlled  by 
an  automatic  loop  and  battery  switch,  w'hich  cuts  batteries  in  and 
out  as  required  and  makes  loop  on  the  three-wire  mains,  when 
dynamo  is  cut  in.  Circuits  are  arranged  to  charge  two  halves  of  each 
battery  in  parallel  at  104  volts  (lamp  voltage)  through  a  fixed 
resistance  of  one  ohm.  Batteries  are  cut  in  by  train  electricians 
after  the  lighting  load  is  sufficiently  low  to  take  on  charging  load, 
and  are  cut  out  w^hen  fully  charged,  condition  of  charge  being  de- 
termined by  voltmeter  test.  The  charging  on  the  road  entirely 
eliminates  overcharge,  overdischarge  and  terminal  charging.  Cut- 
ting out  the  terminal  charge  is  very  advantageous  in  that-  it  permits 
of  the  train  being  placed  at  any  part  of  the  yard  which  may  be 
available  on  arrival  of  train  for  the  purpose  of  cleaning,  repairs,  etc., 
and  also  does  away  with  the  use  of  steam,  which  is  ahvays  to  be 
avoided.  Another  thing  which  is  gained  by  having  but  the  two 
batteries  is  that  we  are  able  to  use  any  of  the  cars  in  the  train 
(other  than  the  baggage  and  observation  cars)  in  any  other  trains 
not  electric  lighted  without  removing  the  batteries  to  prevent  their 
being  neglected.  This  equipment  has  been  in  service  for  several 
months  without  a  failure  and  thus  far  has  given  excellent  satisfaction. 

It  is  pleasing  to  note  that  the  railroads  are  alive  to  the  importance 
of  an  efficient,  clean  and  safe  lighting  system  for  their  trains  and  are 
sparing  no  expense  to  determine  what  will  best  fill  their  require- 
ments, both  as  to  quantity  and  kind  of  equipment.  Electricity  seems 
to  have  the  best  of  it,  as  far  as  kind  of  light  is  concerned,  and,  with 
the  aid  of  the  several  reliable  concerns  employing  some  of  the 
best  talents  in  the  country  who  are  working  on  electric  lighting 
systems,  we  can  expect  the  art*  to  shortly  reach  a  high  state  of 
perfection. 

Mr.  J.  R.  Cravath,  m.w.s.e.  :  There  is  one  aspect  of  this  train 
lighting  problem  which  has  not  been  touched  on  this  evening,  and 
that  is  the  question  of  what  use  is  made  with  the  light  that  has  been 
produced.  Where  lighting  costs  as  much  as  it  evidently  does,  judg- 
ing from  the  figures  given  in  Prof.  Jackson's  paper,  it  would  seem 
to  be  worth  while  to  give  a  good  deal  of  attention  to  utilizing  it  to 
the  best  advantage  after  once  getting  it  in  the  top  of  the  car.  As  a 
matter  of  fact,  I  do  not  know  of  any  place  where  all  the  fundaiflental 
principles  of  illuminating  engineering  are  violated  more  than  in  car 
lighting.  In  fact  most  of  the  light  could  be  produced  with  about  half 
the  energy,  and  of  course  that  means  half  the  equipment,  all  along 
the  line.     It  is  a  question  of  very  simple  illuminating  engineering 
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to  get  the  light  deUvered  down  where  the  passengers  want  it  in- 
stead of  Hghting  up  the  top  of  the  car  only. 

Prof.  E.  H.  Freeman,  m.w.s.e.  :  I  recently  saw  some  figures  that 
may  be  of  interest  in  connection  with  the  comparison  of  the  illumin- 
ation produced  bv  Pintsch  gas  and  by  arc  lights.  In  this  case  I  do 
not  know  whether  the  arc  lights  were  supplied  from  primary  bat- 
teries or  from  some  other  source.  The  illumination  was  measured 
on  a  horizontal  plane  at  the  height  of  the  backs  of  the  car  seats, 
and  for  the  Pintsch  lights  averaged  about  0.75  of  a  foot-candle, 
while  for  the  arc  lights  about  2.5  foot-candles. 

CLOSURE. 

Mr.  W.  B.  Jackson,  m.w.s.e.  :  As  I  have  been  called  upon  to  read 
this  paper  on  account  of  the  unavoidable  absence  of  my  brother,  D. 
C.  Jackson,  .who  is  the  author,  I  will  take  upon  myself  an  answer  to 
the  inquiries  that  have  been  made. 

In  regard  to  the  lamps  that  are  ordinarily  used,  they  are  commonly 
of  low  voltage  and  consequently  are  not  so  much  affected  by  the 
vibrations  as  if  thy  were  high  voltage,  although,  of  course,  any  lamp 
that  is  installed  in  a  running  railroad  train  must  be  seriously  af- 
fected by  the  vibrations,  I  question  whether  any  one  knows  how 
serious  an  effect  on  the  life  of  the  lamps  is  caused  by  the  train 
vibrations  and  shocks. 

It  has  been  suggested  that  the  author  of  the  paper  has  found  much 
fault  with  the  apparatus  made  by  the  train  lighting  and  axle  light- 
ing manufacturers,  but  it  seems  to  me  the  contrary.  In  the  paper 
he  extols  rather  than  depriciates  the  work  of  these  manufacturers, 
and  what  is  criticized  in  the  paper  is  that  the  manufacturers  have 
been  willing  to  allow  their  apparatus  to  be  badly  installed,  and  have 
allowed  it  to  be  installed  in  connection  with  very  bad  equipments, 
which  has  naturally  produced  a  poor  impression.  The  axle  driven 
systems  are  relatively  new  devices  and  must  have  their  troubles 
worked  out  in  practice.  We  all  know  perfectly  well  that  a  train 
lighting  system  cannot  be  worked  out  to  a  satisfactory  point  in  any 
factory.  It  must  go  on  the  trains  and  be  worked  out  in  practice  and 
it  should  be  looked  after  carefully 'while  it  is  being  installed  and 
thereafter.  I  think  one  has  a  right  to  find  fault  with  the  manu- 
facturers when  they  allow  their  apparatus  to  be  badly  installed  and 
installed  in  connection  with  other  poor  equipments.  However,  I 
say.  all  praise  to  the  people  who  have  been  pushing  this  work  ahead. 

In  regard  to  the  inquiry  about  the  relative  voltage  regulation  of 
the  steam  driven  baggage  car  sets  compared  with  the  axle  driven 
sets,  it  is  obvious  that  the  regulation  of  the  former  must  depend 
considerably  on  the  attention  bestowed  by  the  dynamo  attendant,  but 
it  is  not  I'kely  to  have  as  many  sudden  changes,  which  affect  the 
brilliancy  of  the  lamps  in  a  disconcerting  manner  as  are  noticeable 
in  most  of  the  axle-driven  equipments.  However,  a  scrutiny  of  the 
curves  displayed  in  this  paper  will  prove  to  any  one  that  some  axle 
driven  sets  are  now  affording  a  fidelity  of  regulation  that  should 
satisfy  the  most  fastidious  patron. 
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The  substance  of  this  paper  is  mostly  an  abstract  from  a  bulletin 
now  being  sent  to  press  by  the  Steam  Engineering  Division  of  the 
Technologic  Branch  of  the  U.  S.  Geological  Survey.  The  authors 
wish  to  make  special  acknowledgement  to  Prof.  L.  P.  Breckenridge 
for  many  valuable  suggestions  relating  to  the  subject  under  consid- 
eration, and  his  criticism  of  some  of  the  parts  in  this  paper.  Due 
credit  must  also  be  given  to  our  co-workers  C.  E.  Augustine,  F.  T. 
Bird  and  C.  J.  Fletcher  for  their  conscientiousness  in  helping  with 
the  experiments. 

Early  in  the  routine  work  of  the  Steam  Engineering  Division  of 
the  U.  S.  Geological  Survey,  it  was  realized  that  the  boiler  tests 
made  for  the  purpose  of  determining  the  value  of  coal  for  steam- 
ing purposes  meant  little  unless  the  boiler  performance  were  sub- 
tracted or  divided  out,  so  as  to  get  to  the  efficiency  of  the  grate  and 
furnace.  When  attempts  were  made  to  separate  the  performance 
of  the  boiler  from  that  of  the  furnace,  it  was  found  that  little  was 
known  of  either,  which  fact  made  the  separation  impossible.  It 
was  therefore  decided  to  conduct  laboratory  experiments  on  small 
boilers,  with  the  object  of  determining  the  laws  which  govern  heat 
absorption  by  boilers. 

The  purpose  of  this  paper  is  to  present  the  more  important  re- 
sults of  these  experiments,  and  to  offer  a  few  formulated  laws  gov- 
erning the  rate  of  heat  absorption  by  boilers.  The  outline  of  these 
experiments,  and  the  results  of  the  early  tests  were  presented  b)' 
Prof.  L.  P.  Breckenridge  before  this  society  March  20,  1907,  and 
are  recorded  in  \'ol.  XII  of  the  Jourxal,  w.s.e. 

Heat  Traxsmissiox. 

Heat  travels  from  any  hot  body  only  to  bodies  at  lower  tempera- 
ture, therefore,  any  boiler  can  absorb  only  that  heat  which  is  above 
the  temperature  of  the  water  in  it ;  heat  below  this  temperature 
will  not  flow  into  the  boiler  water  and  therefore  is  not  available  for 
absorption.  Commercial  boilers  absorb  only  part  of  the  heat  which 
is  available  for  them ;  the  percentage  of  the  available  heat  which  is 
absorbed  by  the  boiler  is  called  the  true  boiler  efficiency.  This  effi- 
ciency depends  somewhat  on  the  way  the  heat  is  presented  to  the 
boiler,  but  chiefly  on  the  construction  of  the  latter.  The  true  boiler 
efficiency  is  then  defined  as  the  ratio  of  the  heat  absorbed  by  the 
boiler  to  the  heat  which  is  available  for  it,  counting  only  that  heat 
available  which  is  above  the  temperature  of  the  boiler  water. 

In  any  steam  generating  apparatus  the  heat  is  evolved  by  the 
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burning  of  fuel  in  the  furnace,  and  is  then  transmitted  through  the 
space  and  through  the  water  heating  plates  into  the  boiler  water. 
The  path  of  the  heat  travel  and  the  mode  of  the  transmission  is 
shown  in  Fig.  i. 


WET  SURFACE 


FIG.l. 

DIAGFIAM  SHOWING  THE  PATH  OF  HEAT  TRAVCL 
FROM    SOURCE  OF   HEAT   TO   BOILER. ifiiAT£8 


In  practice,  the  water  heating  plate  of  the  boiler  is  always  cov- 
ered on  the  outside  with  a  coating  of  soot,  and  on  the  inside  with 
a  layer  of  scale  or  mud.  Just  on  the  outside  and  entangled  in  the 
small  recesses  of  the  soot  coating,  is  a  dense  film  of  gas  which  ad- 
heres to  the  solid.  The  density  of  this  gaseous  film  decreases  out- 
wards from  the  solid  layer  of  soot.  It  is  somewhere  within  this 
gaseous  film  where  the  dry  surface  of  the  water  heating  plate  can 
reasonably  be  assumed  to  exist.  There  is  a  similar  film  of  steam 
and  water,  adhering  to  the  layer  of  scale  on  the  inside  of  the  boiler 
which  film  can  be  considered  to  contain  the  w^et  surface  of  the  heat- 
ing plate. 

In  the  diagram  it  is  shown  that  heat  is  communicated  to  the  dry 
surface  of  the  water  heating  plate  mainly  in  two  ways : 

(a)  by  radiation  from  the  hot  fuel  bed  and  furnace  walls. 

(b)  by  convection  from  the  moving  gaseous  products  of  com- 
bustion. By  convection  is  meant  here  the  process  of  displacing 
cold  molecules  from  the  adhering  film  of  gas  by  hotter  ones  from 
the  moving  mass  of  hot  gases. 

From  the  dry  surface  of  the  heating  plate,  the  heat  is  transmitted 
through  the  layers  of  gas,  soot,  metal,  scale,  and  steam  to  the  wet 
surface  purely  by  conduction.  From  the  wet  surface  the  heat  is 
carried  into  the  body  of  the  boiler  water  mostly  by  the  convection 
of  the  circulating  water.  The  retardation  of  any  one  of  these  three 
modes  of  heat  travel  lowers  the  efficiency  of  the  boiler. 
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It  has  been  said  that  the  dry  surface  of  the  water  heating  plate 
may  be  considered  as  being  somewhere  in  the  adhering  fihn  of  gas. 
This  statement  is  more  correct  when  it  refers  to  the  heat  communi- 
cated by  convection  than  to  the  heat  imparted  by  radiation.  In  the 
latter  case  the  greater  part  of  the  heat  passes  through  the  gas  film 
directly  to  the  soot,  because  gases  are  to  a  great  extent  permeable 
to  the  radiant  energy. 

As  the  adhering  films  of  gas  and  the  film  of  steam  and  water 
may  be,  and  very  likely  are  of  considerable  thickness,  the  heat  must 
pass  through  part  of  the  thickness  of  the  film  by  conduction  and 
as  both  the  gas  and  steam  are  very  poor  conductors  of  heat,  the 
resistance  which  these  films  offer  to  the  passage  of  heat  may  be 
even  greater  than  the  combined  resistance  of  the  soot,  metal  and 
scale. 

Although  this  paper  is  intended  to  discuss  mainly  the  factors 
which  influence  the  rate  of  heat  impartation  by  convection,  a  brief 
explanation  of  the  laws  of  the  rate  of  heat  radiation  and  the  rate  of 
heat  conduction 'will  help  in  making  clear  the  whole  matter  of  heat 
absorption  by  the  boiler. 

The  quantity  of  heat  which  the  boiler  receives  by  radiation  from 
any  hot  portion  of  the  furnace  or  the  fuel  bed  may  be  taken  to  be 
proportional  to  the  difiference  of  the  fourth  powers  of  the  absolute 
temperatures  of  the  hot  parts  of  the  furnace  and  the  soot  coating 
on  the  boiler  plate.  This  law  of  radiation  is  known  as  Stefan  & 
Boltzmann's  Law.  Strictly  speaking  this  law  applies  only  to  black 
bodies ;  however,  within  the  usual  temperature  range  of  the  boiler- 
furnace  it  can  be  applied  to  boiler  problems  without  any  serious 
error.  Mathematically  expressed,  the  net  heat  transmitted  by  radi- 
ation per  unit  of  area  (of  hot  and  cold  surfaces)  in  a  unit  of  time  is 

(i)   H=C  (T4— 14) 
where  ' 

C  is  a  constant 

T  is  the  absolute  temperature  of  the  furnace  walls  and 

t  is  the  absolute  temperature  of  the  soot  coating  on  the  boiler 
plate. 

It  is  apparent  from  this  equation  that  the  quantity  of  heat  re- 
ceived by  the  boiler  by  radiation  increases  very  rapidly  as  the  tem- 
perature of  the  furnace  rises.  In  boilers  where  the  heat  received 
by  radiation  is  a  predominant  part  of  the  total  heat  absorbed,  the 
true  boiler  efificiency  necessarily  increases  with  the  rise  of  the  fur- 
nace temperature. 

The  quantity  of  heat  which  can  be  transmitted  through  a  given 
unit  of  water  heating  plate  in  a  unit  of  time,  depends  on  the  differ- 
ence of  the  temperatures  of  the  dry  and  the  wet  surfaces  of  the 
heating  plate,  and  the  conductivities  of  the  substance  between  the 
two  surfaces.  This  law  can  be  expressed  by  the  following  simple 
formula : 
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(2)  H=^(t,-t) 
a 

Where  H  is  the  quantity  of  heat  transmitted  per  unit  of  area  of 
the  heating  plate,  c  the  average  conductivity  of  the  substance  be- 
tween the  drv  and  wet  surface,  d  the  distance  between  the  two  sur- 
faces, ti  the  temperature  of  the  dry  surface,  and  t  the  temperature  of 
the  wet  surface. 

This  law  governing  the  rate  of  heat  transmission  by  conduction 
's  the  same  as  Ohm's  Law  used  in  electrical  conduction. 

It  is  evident  that  with  any  given  condition  of  the  surfaces,  the 
rate  of  the  heat  transmission  depends  entirely  on  the  excess  of  the 
temperature  of  the  dry  surface  over  that  of  the  wet  surface.  For 
instance,  if  it  is  required  to  transmit  double  the  quantity  of  heat 
in  the  same  length  of  time,  the  difference  of  the  temperatures  of 
the  two  surfaces  must  be  doubled.  Since  the  temperature  of  the 
wet  surface  is  nearly  the  same  as  that  of  the  steam  in  the  boiler  and 
therefore  can  not  be  lowered,  the  temperature  of  the  dry  surface 
must  be  raised ;  as  it  is  this  dry  surface  of  the  heating  plate  which 
cools  the  furnace  gases,  the  rise  of  its  temperature  results  in  the 
rise  of  the  temperature  of  the  escaping  gases.  Thus  we  see  that 
with  the  same  conditions  of  the  heating  plate  and  the  same  initial 
temperature  of  the  furnace  gases,  the  temperature  of  the  escaping 
gases  will  rise  with  increasing  capacity.  Any  cause  which  with  the 
same  initial  temperature  of  furnace  gases  tends  to  increase  the  fac- 
tor (ti — t),  increases  the  loss  up  the  stack  and  lowers  the  efficiency 
of  the  boiler  by  the  same  amount. 

The  main  causes  of  the  unnecessarily  high  factor  (ti — t)  and 
consequently  the  cause  of  high  temperature  of  the  waste  gases  is 
the  presence  of  the  soot  and  scale  on  the  surfaces  of  the  heating 
plate.  The  heat  conductivity  of  both  of  these  substances  is  very 
low,  which  I9W  conductivity  in  equation  (2)  would  be  indicated  by 
decreasing  the  value  of  c,  and  as  the  added  thickness  has  already 
increased  d,  it  is  evident  that  if  H  is  to  remain  the  same,  the  factor 
(ti — t)  must  be  increased.  This  last  consideration  shows  that  it 
is  important  to  keep  the  surfaces  of  the  heating  plate  free  from 
soot  and  scale. 

The  heat  imparted  to  the  boiler  by  convection  forms  in  most 
cases  a  large  percentage  of  the  total  heat  received.  It  is  therefore 
very  desirable,  for  the  sake  of  .better  boiler  construction  and  oper- 
ation, that  the  factors  which  influence  the  rate  of  heat  impartation 
by  convection  be  more  thoroughly  known.  Excepting  a  few  experi- 
ments done  abroad  and  bearing  only  indirectly  on  the  steam  boiler 
problem,  nothing  has  been  done  towards  determining  these  factors. 
The  steam  Engineering  Department  of  the  U.  S.  Geological  Sur- 
vey recently  started  the  investigation  of  this  problem,  as  an  inciden- 
tal feature  in  its  regular  work  in  testing  the  quality  of  coals  for 
steaming  purposes.     These  investigations  consist  of  laboratory  ex- 
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periments  made  on  small  models  of  horizontal  multitubular  boilers. 
The  laboratory  methods  and  the  small  boilers  were  taken  up  be- 
cause, first,  it  requires    small  outlay  of  money  to  conduct  the  experi- 
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ments,  and  second,  it  is  easier  on  a  small  laboratory  apparatus  to 
control  all  .the  conditions  than  it  would  be  the  case  with  a  large 
boiler  and  furnace.  It  is  necessary  in  work  of  this  kind  to  keep 
all  the  conditions  constant. 

Small  multitubular  boilers  were  used  because  they  are  boilers  in 
the  simplest  form,  the  passages  of  the  gas  consisting  of  plain  cylin- 
drical tubes.  Water  tube  boilers  present  much  more  complicated 
problems  on  account  of  the  irregular  and  variable  passages  for  the 
gases.  The  flues  were  made  of  thin  copper  tubes  in  order  to  reduce 
the  resistance  of  the  metal  to  a  minimum ;  as  soot  and  scale  were 
entirely  avoided,  only  the  resistance  of  the  film  of  gas  on  one  side 
and  the  film  of  water  and  steam  on  the  other  was  left.  An  electri- 
cal furnace  was  selected  for  heating  the  air,  because  by  its  use  soot 
formation  and  deposition  on  the  heating  surface  were  avoided. 

The  apparatus  consisted  mainly  of  a  small  horizontal  multitubu- 
lar boiler,  an  electric  furnace,  a  surface  condensor,  and  a  steam 
ejector  for  producing  draft.  The  boiler  and  the  furnace  were 
placed  within  a  box  which  formed  the  body  of  the  apparatus.  ■  The 
box  was  built  of  asbestos  slate  and  filled  with  mineral  wool  and 
magnesia  covering.  Fig.  2  shows  the  assembled  view  of  the  ap- 
paratus. 

So  far  three  boilers  were  used  in  the  experiments.  They  were 
made  of  a  standard  4  inch  wrought-iron  pipe  for  the  outside  shell. 
The  heads  were  made  of  14,  inch  thick  sheet  copper  and  were  riv- 
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eted  to  the  4  in.  pipe.  The  flues  were  ten  in  number  and  consisted 
of  thin  drawn  copper  tubing ;  they  were  either  soldered  or  expanded 
into  the  boiler  heads.  Fig.  2  shows  two  cross  sections  of  one  of  the 
boilers. 

Dimensions  of  Boiler  No.  i. 

Length  of  boiler,  outside  to  outside,  of  boiler  heads  8.28  in. 

Actual  outside  diameter  of  flues    0.252  " 

Actual  inside  diameter  of  flues 0-I75  " 

Thickness  of  the  walls  of  flues , 0.033  " 

Total  area  of  the  inside  cross  section  of  flues 0.00167  sq.   ft. 

Total  heating  surface  of  flues   0.31617    "      " 

Dimensions  of  Boiler  No.  2. 

Length  of  boiler,  outside  to  outside  of  boiler  heads  8.28  in. 

Actual  outside  diameter  of  flues   0.313  '' 

Actual  inside  diameter  of  flues 0.230  " 

Thickness  of  the  walls  of  flues   0.041  " 

Total  area  of  the  inside  cross  section  of  flues.  . .  .  0.002885  sq.  ft. 

Total  heating  surface  of  flues   0.41554    " 

Dimensions  of  Boiler  No.  3. 

Length  of  boiler,  outside  to  outside  of  boiler  heads  16.125  ^^■ 

Actual  outside  diameter  of  flues 0.252  " 

Actual  inside  diameter  of  flues 0.175  " 

Thickness  of  walls  of  flues  0.033  " 

Total  area  of  the  inside  cross  section  of  flues  ....     0.00167  sq.  ft. 

Total  heating  surface  of  flues 0.6156      "     " 

Each  of  the  boilers  was  equipped  with  a  water  gauge  glass,  a 
thermometer  cup  for  measuring  the  temperature  of  steam,  a  pipe 
for  feeding  the  boiler  and  a  pipe  for  letting  out  the  steam. 

The  electric  furnace  consisted  of  six  coils  of  pure  nickel  wire, 
wound  around  rectangular  pieces  of  asbestos  slate  which  were  9/32 
in.  thick.  3-"/^  in.  wide  and  12  in.  long.  The  nickel  wire  was  0.072 
in.  in  diameter  which  is  about  No.  13  B.  &  S.  gauge.  There  were 
51  turns  of  each  coil  so  that  the  total  length  of  the  wire  in  the  fur- 
nace was  204  feet.  In  most  of  the  tests  the  coils  were  connected  in 
series;  with  high  temperatures  and  high  drafts  three  coils  were 
connected  in  series  and  the  two  threes  in  parallel.  A  water  reostat 
was  used  for  adjusting  the  electrical  energy  to  each  temperature 
and  draft.  Direct  current  of  220  volts  was  used  for  feeding  the 
furnace.  The  coils  were  placed  vertically  in  the  front  portion  of 
the  asbestes  slate  box  with  a  space  of  about  5/16  in.  between  them 
and  so  baffled  that  the  air  passed  along  the  coils  three  times  before 
it  left  the  furnace.  The  arrangement  of  the  coils  in  the  furnace  is 
shown  in  two  views  in  Fig.  2. 

The  surface  condenser  consisted  of  two  concentric  copper  tubes ; 
the  inner  one  of  these  was  for  steam  and  the  outer  one  for  a  stream 
of  cooling  water.  The  size  of  the  steam  tube  was  the  same  as  that 
of  the  flues  of  boiler  No.  i,  and  the  size  of  th';  water  tube  was  0.3 
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in.  inside  diameter.     The  total  length  of  the  condenser  was  ii   ft. 
6  in. 

The  steam  ejector  for  producing  draft  was  a  standard  yi  in. 
pipe,  placed  in  the  center  of  a  contracted  pipe  made  of  galvanized 
sheet  iron  which  took  the  gas  away  from  the  rear  of  the  boiler. 

The  asbestos  slate  box  forming  the  body  of  the  apparatus  was  i 
ft.  high  by  i  ft.  wide  and  5  ft.  long.  The  inside  space  holding  the 
furnace  and  the  space  in  the  back  of  the  boiler  was  4  in.  square 
making  the  total  thickness  of  the  walls  of  4  in.  The  walls  around 
the  furnace  consisted  of  34  i^i-  thick,  asbestos  slate  lining;  next  to 
this  was  one  in.  layer  of  magnesia  boiler  covering,  of  85  per  cent 
magnesia  oxide  and  15  per  cent  of  asbestos.  The  remaining  space 
between  the  layer  of  magnesia  and  the  outside  sheet  of  the  box 
was  filled  with  mineral  wool.  The  space  around  the  boiler  was 
filled  with  a  mixture  of  wood  ashes  and  asbestos. 

The  space  between  the  furnace  and  the  boiler  was  fitted  with 
eight  perforated  screens.  The  four  middle  screens  had  in  the  cen- 
ter a  round  hole  i34  in.  in  diameter.  In  the  spaces  between  these 
four  screens  three  thermometers  wer^  so  inserted  that  their  bulbs 
were  in  the  center  of  the  1I/4  in.  holes.  The  object  of  these  screens 
was  to  concentrate  the  air  around  the  bulbs  of  the  thermometers  in 
order  that  its  temperature  could  be  more  accvirately  measured.  The 
two  screens  nearest  to  the  furnace  and  the  two  nearest  to  the  boiler 
had  each  thirty-two,  ^4  in.  holes,  these  being  so  drilled  that  the 
thermometers  were  perfectly  screened  from  direct  radiation  from 
either  the  boiler  or  the  furnace.  A  similar  arrangement  was  em- 
ployed for  obtaining  the  temperature  of  the  air  leaving  the  boiler. 
Tubes  for  measuring  drafts  were  inserted  on  each  side  of  the  boiler 
between  the  boiler  head  and  the  first  screen.  The  front  of  the  fur- 
nace was  also  screened  from  radiating  heat  to  the  outside.  Both 
of  the  boiler  heads  were  covered  with  %  in.  asbestos  paper  and 
slate  so  that  only  the  heating  surface  of  the  flues  was  effective.  In 
Fig.  2  the  path  of  the  air  through  the  apparatus  is  indicated  by  the 
arrow  heads.  The  boiler  was  fed  with  distilled  water  obtained  by 
condensing  steam  from  the  main  boiler  of  the  plant. 

The  heat  absorbed  by  the  boiler  was  measured  by  the  water  evap- 
orated which  was  condensed  and  measured.  No  attempt  was  ever 
made  to  make  corrections  for  moisture  in  the  steam. 

The  electrical  energy  used  in  heating  the  air  was  measured  by  an 
integrating  wattmeter. 

Temperatures  up  to  700  deg.  F.  were  measured  witli-  mercurial 
thermometers  which  were  compared  with  a  standard  thermometer 
calibrated  by  the  Bureau  of  Standards  in  Washington."  Tempera- 
tures above  700  deg.  F.  were  measured  by  exposed  platinum  and 
platinum-rhodium  thermo-couples  which  were  calibrated  by  means 
of  known  melting  points  of  pure  metallic  silver,  barium  nitrate, 
potassium  chloride,  and  calcium  chloride.     A  point  of  700  deg.  F. 
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was  determined  by  direct  comparison  with  a  mercurial  thermome- 
ter immersed  in  an  oil  bath. 

Although  great  care  was  taken  in  placing  and  screening  the  ther- 
mometers and  the  thermo-couples,  considerable  difficulty  was  expe- 
rienced in  the  measurements  of  the  initial  and  final  temperatures 
of  the  air.  \\'ith  the  initial  temperature  of  1200  deg.  F.  and  1500 
deo-.  F.,  the  three  thermo-couples  would  at  times  read  as  much  as 
150  deg.  F.  apart  without  any  apparent  reason  to  account  for  it. 
Generally  the  thermo-couples  closest  to  the  furnace  read  higher 
than  the'  other  two.  The  only  reasonable  explanation  of  this  fact 
was,  that  in  spite  of  the  screens  this  thermo-couple  received  some 
heat  by  radiation  from  the  furnace,  while  the  one  nearest  to  the 
boiler  lost  some  heat  by  radiating  it  to  the  boiler.  Considerable 
difference  in  reading  was  also  obtained  if  the  thermometers  or 
thermo-couples  were  slightly  displaced.  The  thermometers  on  the 
side  of  the  leaving  gas,  read  from  10  to  20  deg.  F.  apart.  It  was 
very  difficult  to  come  to  any  conclusion  which  of  the  thermometers 
or  thermo-couples  were  right  and  which  were  wrong.  It  was 
thought  best  to  take  the  average  of  the  three  readings  at  each  end. 
All  these  difficulties  met  in»the  temperature  measurements,  made 
the  men  making  these  experiments  realize  that  measuring  the  tem- 
perature of  gases  is  a  high  art. 

Before  starting  a  test,  the  apparatus  was  brought  to  the  tempera- 
ture at  which  the  test  was  to  be  run.  After  a  test  was  started  all 
conditions  were  kept  as  nearly  uniform  as  possible.  Three  to  five 
series  of  tests  were  run  with  each  boiler.  All  tests  in  each  series 
were  of  nearly  the  same  initial  temperature.  Each  series  contains 
from  15  to  30  tests  which  were  run  with  different  drafts.  Thus  each 
series  shows  the  effect  of  the  velocity  of  air  passing  along  the  heat- 
ing surface  on  the  rate  of  heat  absorption ;  the  different  series  of 
the  tests  on  the  same  boiler  show  the  effect  of  the  initial  tempera- 
ture ;  while  the  tests  on  different  boilers  give  the  influence  of  the 
diameter  and  length  of  the  flues. 

The  duration  of  each  test  was  from  30  min.  to  2  hours.  With  high 
drafts  and  high  temperatures  the  tests  were  shorter,  because 
enough  water  was  evaporated  in  shorter  time  to  make  tests  as  ac- 
curate as  when  running  two  hours  with  low  drafts  and  low  tem- 
peratures. 

On  all  the  tests  so  far  done  the  following  temperature  readings 
by  the  ordinary  Fah.  scale  have  been  taken: 

ta  =  Temperature  of  air  entering  furnace, 

T  =  Temperature  of  air  entering  boiler  (initial  temp.), 

tf  =  Temperature  of  air  leaving  boiler, 

tg  =  Temperature  of  steam, 

t^  =  Temperature  of  feed  water, 

Also  the  following: 

d  =  Draft  of  air,  entering  boiler,  and 

D  =  Draft  of  air,  leaving  boiler,  measured  in  inches  of  water. 
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W  =  Water  condensed  in  cubic  centimeters. 
■   E  =  Electrical  energy  in  Watt  hours  consumed  during  test. 

Method  of  Calculation. 
The  weight  of  air,  M,  passing  through  the  boiler  per  second  is 
obtained  from  the  equation 

W   [965.7  +  (ts-t„)  ]  =  0.2375  M  (T-tf) 

„                          „          W    [965.7 +  (t,-tw)] 
Hence  M  =    0.2375  (T-tf) 

The  volume,  V,  of  the  air  entering  the  boiler  is  determined  from 
the  relation  based  on  the  fundamental  properties  of  permanent 
gases,  as 

V  _    T-(-461 

12.387    M  493 

Whence  V  -  (T  +  ^OD^X  ..^ssr  M 

and  the  velocity,  v,  of  the  air  entering  the  boiler,  is 

=   V  X  144 
~     nd2  X  .7854 

where  d  is  the  internal  diameter,  and  n  the  number  of  flues  in  the 
boiler. 

If  in  the. calculation  above  indicated  W  is  reduced- to  water  evap- 
orated per  second,  then  the  velocity,  v,  is  in  feet  per  second. 

The  heat  absorbed  by  the  boiler  per  second  is  given  by  the  equa- 
tion • 

H  =  W    [96.5.7  +  (ts  -  W)  ] 

where  W  is  expressed  in  pounds  of  water  evaporated  per  second. 
The  true  boiler  efficiency,  E4,  is  given  by  the  ratio, 

Heat  absorbed  by  boiler 
Heat  available  for  boiler 

and  is  computed  by  the  equation 

E,    =    I^^ 

T-t, 

The  true  boiler  efficiency  was  also  computed  from  the  heat  sup- 
plied by  the  electrical  energy.  However  the  efficiency  so  calcu- 
lated was  less  consistent  than  that  calculated  as  outlined  above. 
This  was  probably  on  account  of  the  variation  in  the  heat  lost  b} 
radiation. 

Results  of  Experiment.s. 

Tables  No.  I,  H,  and  HI  give  the  data  and  results  of  all  reliable 
tests  made  on  the  small  boilers  described  in  the  preceding  pages. 
In  these  tables  the  figures  at  the  top  of  the  temperature  columns 
indicate  the  position  of  the  thermometers  as  shown  in  Fig.  2. 


670 


Rav  and  Krcisingcr — Boiler  Efficiency. 


Interpretation  of  Charts. 

Charts  No.  i  to  No.  9,  were  plotted  to  show  graphically  the  rela- 
tion between  the  various  factors  and  the  rate  of  heat  absorption.  The 
fact  that  in  some  cases  the  points  are  somewhat  scattered  from  the 
smooth  curve  passed  through  them  may  be  accounted  for  by  errors 
in  temperature  measurements.  These  errors  in  the  worst  cases  may 
amount  to  5%  of  the  temperature  recorded. 

The  upper  curves  of  Chart  No.  i,  show  that  the  heat  absorbed  by 
the  boiler  per  second  varies  almost  directly  as  the  calculated  ve- 
locity of  air.  Tests  having  nearly  the  same  initial  temperature  fall 
in  the  same  smooth  curve  which  is  almost  a  straight  line.  With  the 
same  initial  velocity  of  air,  tests  with  higher  temperatures  give, 
higher  rate  of  heat  absorption.  However,  the  rate  of  heat  absorp- 
tion is  not  a  straight  line  function  of  the  initial  temperature  as 
indicated  by  the  constant  velocity  curves  of  Chart  No.  2.  As  the 
initial  temperature  of  the  air  rises,  the  rate  of  heat  absorption  does 
not  increase  in  proportion  to  the  temperature,  and  the  constant 
velocity  curves  flatten  down  until  probably  at  very  high  tempera- 
ture there  is  very  little  or  no  gain  in  the  heat  absorbed  by  further 
rise  in  temperature.  This  fact  indicates  that  there  is  another  factor 
influencing  the  rate  of  heat  absorption,  which  factor  varies  inversely 
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as  the  temperature.  This  factor  is  the  density  of  the  gas.  Points 
for  the  curves  of  Chart  No.  2,  were  obtained  from  the  upper  curves 
of  Chart  No.  i. 

The  lower  curves  of  Chart  No.  i,  show  that  as  the  initial  velocity 
of  air  increases,  the  true  boiler  efficiency  drops  at  first  very  rapidly, 
but,  after  a  certain  velocity  is  reached  it  becomes  nearly  constant 
with  the  low  initial  temperatures,  and  varies  but  little  with  higher 
initial  temperatures. 

The  velocity  at  which  for  any  initial  temperature  the  true  boiler 
efficiency  curve  becomes  nearly  horizontal  may  be  called  the  critical 
velocity.  As  shown  by  the  curves,  the  critical  velocity  varies  with 
the  initial  temperature  of  the  air ;  the  higher  the  initial  temperature 
the  higher  the  critical  velocity. 

With  higher  initial  temperature  the  critical  velocity  is  not  so  well 
defined  as  it  is  with  initial  temperatures  of  500  and  700  deg.  F. 
For  very  high  initial  temperatures  such  as  sometimes  used  in  boiler 
practice  (2500  to  3000  deg.  F.)  the  knee  probably  extends  over  a 
considerable  range  of  velocity,  so  that  it  is  possible  that  in  such  a 
case  the  boiler  never  works  on  the  horizontal  portion  of  the  curve. 
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It  will  be  shown  later  that  the  critical  velocity  also  varies  with  the 
diameter  of  the  tubes. 

While  with  low  initial  temperatures  the  portion  of  the  true  boiler 
efficiency  curve  beyond  the  critical  velocity  point  is  almost  perfectly 
horizontal,  with  high  initial  temperatures  there  seems  to  be  a  con- 
stant drop  even  beyond  this  point.  This  drop  in  the  efficiency,  can 
be  accounted  for  by  the  increased  rate  of  heat  absorption.  It  has 
been  explained  before,  that  with  the  same  conditions  of  the  heating 
plate  the  quantity  of  heat  transmitted  through  the  plate  in  a  unit  of 
time  depends  upon  the  temprature  difference  of  the  dry  and  wet  sur- 
face or  the  factor  (ti-t)  in  equation  (2).  Since  the  only  way  to  in- 
crease this  factor  is  to  increase  t,  the  temperature  of  the  dry  surface 
which  does  the  cooling  of  the  moving  gases,  the  latter  will  leave  the 
heating  surface  of  the  boiler  at  a  proportionately  higher  temperature 
than  in  the  case  of  lower  rate  of  heat  absorption. 

Chart  No.  3,  was  plotted  as  a  check  on  the  calculated  velocity 
used  in  Chart  No.  i.  With  constant  initial  temperature  the  weight 
of  air  passing  through  the  flues  must  have  some  constant  relation 
to  the  difference  of  pressures  at*  the  two  ends  of  the  boiler  flues. 
Chart  No.  3,  shows  that  such  a  relation  does  exist.  The  curves 
have  a  shape  similar  to  a  parabola  of  the  equation  y-r=kx.  With 
constant  initial  temperature  the  initial  velocity  varies  directly 
as  the  weight  of  air  passing  through  the  flues,  and  therefore  the 
same  relation  exists  between  the  initial  velocity  and  the  difference  of 
drafts  as  that  shown  in  the  chart  to  exist  between  the  weight  of  air 
and  the  difference  of  drafts.  The  weight  of  air  passing  through  the 
flues  varies  also  with  the  initial  temperature  although  not  in  a  di- 
rect proportion. 

Chart  No.  4.  shows  the  effect  of  draft  on  the  true  boiler  effi- 
ciency. The  shape  of  the  curves  on  this  chart  are  somewhat  similar 
to  that  of  the  lower  curves  of  Chart  No.  i.  The  true  boiler  efficiency 
drops  at  first  very  rapidly  when  the  difference  of  drafts  increases,  but 
when  the  latter  reaches  about  two  inches  of  water  the  efficiency  re- 
mains nearly  constant.  The  gradual  constant  drop  in  the  efficiency 
curves  of  the  higher  initial  temperatures  beyond  the  two  inch  differ- 
ence of  drafts,  may  be  acounted  for  by  rapidly  increasing  capacity. 
It  may  be  questioned  why  at  the  left  hand  side  the  curves  were 
prolonged  to  a  point  of  100  per  cent  true  boiler  efficiency  when 
the  difference  of  draft  or  the  velocity  is  zero.  This  must  necessarily 
be  so  because  with  no  velocity  the  air  would  remain  in  the  boiler 
an  infinite  length  of  time  and  its  temperature  would  finally  be 
reduced  to  the  temperature  of  the  steam  in  the  boiler,  making  the 
true  boiler  efficiency  equal  to  100  per  cent. 

Chart  No.  5,  is  similar  to  chart  No.  i.  It  contains  results  of 
tests  made  on  boiler  No.  i.  The  last  three  points  on  the  900  deg.  F. 
series  on  the  lower  curve  are  very  likely  too  high  due  perhaps  to 
error  in  temperature  measurement.  Both  curves  show  the  same 
features  as  the  curves  of  chart  No.  i.    The  lower  curves  of  chart 
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No.  5,  show  that  with  the  same  initial  temperature,  the  critical  velO' 
city  is  higher  for  the  smaller  flues  of  boiler  No.  i,  than  it  is  for 
flues  of  boiler  No.  2.  This  fact  would  indicate  that  with  flues  of 
laro-e  diameter  such  as  used  in  locomotive  and  marine  boilers  the 
critical  velocity  would  be  very  low,  so  that  these  boilers,  even  when 
usinj?  high  initial  temperatures  would  be  working  beyond  the  critical 
velocity  of  their  flues,  thus  showing  only  small  variation  in  the 
true  boiler  efficiency   for  great  range   in  boiler  capacity. 

As  an  illustration  of  rather  a  small  variation  in  true  boiler  effi- 
ciency for  a  considerable  range,  in  capacity  two  sets  of  tests  made  on 
Boiler  No.  2,  are  here  given.  Taking  the  initial  temperature  of  1200 
deg.  F.  and  the  initial  velocity  of  85  ft.  per  sec,  the  true  boiler  effi- 
ciency is  70  per  cent,  and  the  rate  of  heat  absorption  about  0.96  B.  t. 
u.  per  sec.  Then  taking  the  same  initial  temperature  but  an  initial 
velocity  of  335  ft.  per  sec.  the  true  boiler  efficiency  is  about  61.2  per 
cent,  and  the  rate  of  heat  absorption  3.35  B.  t.  u.  per  second.  In  the 
second  case,  the  capacity  has  been  increased  3.48  times,  while  the  effi- 
ciency dropped  only  8.8  per  cent  or  12.6  per  cent  of  itself. 

Chart  No.  6,  shows  the  same  features  for  tests  run  on  boiler 
No.  I,  as  charts  No.  3  and  No.  4,  show  for  tests  run  on  boiler  No.  2, 
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Comparing  the  lower  curves  of  chart  No.  6,  with  the  curves  of  chart 
No.  3,  it  will  be  noticed  that  on  account  of  the  flues  being  larger  less 
draft  is  required  for  boiler  No.  2,  than  for  boiler  No.  j,  to  pull 
through  its  flues  the  same  weight  of  air  at  the  same  initial  temper- 
ature. Thus  taking  the  initial  temperature  of  900  deg.  F.,  a  differ- 
ence of  drafts  of  2  inches  of  water,  is  required  to  pull  through  the 
flues  of  Boiler  No.  i,  0.005  ^t).  of  air  per  second,  while  only  ^ 
inch  difference  of  drafts  is  required  to  pull  the  same  amount  through 
the  flues  of  boiler  No.  2.  On  the  other  hand  small  flues  have  the 
advantage  of  being  more  efficient.  As  indicated  by  Charts  No.  i, 
4,  5  and  6  the  true  boiler  efficiency  of  boiler  No.  i,  is  on  the  aver- 
age 14  per  cent  higher  than  that  of  boiler  No.  2. 

Charts  No.  7,  and  No.  8,  give  plotted  results  of  tests  made  on 
boiler  No.  3,  which  had  the  same  size  of  flues  as  boiler  No.  i,  but 
its  length  was  double  that  of  No.  i.  Tests  on  boiler  No.  3. 
were  intended  to  show  the  eft'ect  of  the  length  of  the  flues  upon 
the  true  boiler  efficiency. 

The  two  charts  No.  7  and  No.  8,  show  that  by  doubling  the  length, 
of  flues  the  efficiency  was  raised  only  about  8  per  cent. 

The  upper  curve  of  Chart  No.  7,  shows  one  very  peculiar  feature ; 
as  the  difference  of  drafts  increase  the  true  boiler  efficiency  at  first 
drops  rather  rapidly  and  then  rises  again  two  or  three  per  cent 
remaining  nearly  constant  for  a  considerable  range  of  the  difference 
of  drafts.  As  the  depression  in  the  curve  was  difficult  to  explain, 
the  thermometers  were  taken  out  of  the  apparatus  and  very  care- 
fully put  in  again  to  the  right  depth  and  check  tests  were  run.  These 
check  tests  however  came  very  close  to  the  tests  run  before.  On 
examining  closely  the  upper  curves  of  chart  No.  6,  it  will  be  noticed 
that  there  is  a  decided  tendency  for  a  dip  in  the  same  portion  of  the 
curves,  although  at  the  time  the  tests  were  made  and  plotted,  this  dip 
was  ascribed  to  a  mere  incident.  No  explanation  can,  at  the  present 
state  of  the  work,  be  offered  for  this  depression  in  the  efficiency 
curve. 

On  comparing  the  lower  curve  of  charts  No.  6,  and  No.  7,  it  will 
be  noticed  that  a  given  difference  of  drafts  will  pull  through  both 
boilers  nearly  the  same  amount  of  air.  This  would  seem  to  in- 
dicate that  most  of  the  resistance  is  at  the  entrance  into  the  flues 
and  very  little  of  it  in  the  tubes  themselves,  so  that  an  increase  in 
the  length  of  the  flues  increases  the  total  resistances  very  little. 

Chart  No.  9,  shows  the  influence  of  length  and  diameter  of  flues 
on  the  true  boiler  efficiency.  The  chart  gives  the  final  temperatures 
of  the  three  boilers  when  the  initial  temperature  is  900  deg.  F.  and 
the  same  weight  of  air  (0.007  lb.)  passes  through  each  boiler  per 
second.  The  curves  indicating  the  drop  of  the  temperature  with  the 
length  of  the  flues  are  asymptotic  to  the  horizontal  line  of  the  steam 
temperature.  The  chart  shows  that  although  the  flues  of  the  larger 
diameter  have  more  heating  surface  than  the  flues  of  the  smaller 
diameter,  they  are  much  less  efficient. 
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By  doubling  the  length  of  flues  of  Boiler  No.  i,  only  about  8  per 
cent  was  gained  in  the  true  boiler  efficiency  as  shown  by  the  final 
temperature  of  boiler  No.  3,  it  is  evident  that  it  does  not  pay  to 
increase  the  length  of  the  flues  beyond,  a  certain  lirait. 

The  deductions  drawn  from  these  experiments  may  be  expressed 
by  the  following  brief  statements. 

(A)    Beyond  the  points  of  the  critical  velocity  the  rate  of  heat 
absorption   bv   convection    by   the   heating   plate   of   toiler   flues   is 
nearly  a  straight  line  function  of  the  velocity  of  the  gas. 
•   (B)     The  deviation  from  the  straight  line  function  becomes  larger 
with  the  rise  of  the  initial  temperature. 

(C)  The  critical  velocity  rises  with  the  initial  temperature  of 
the  gases,  and  drops  when  the  diameter  of  the  flues  increases. 

(D)  The  rate  of  heat  absorption  increases  when  the  initial  tem- 
perature rises ;  it  also  seems  to  vary  directly  with  the  density  of 
the  gas. 

(E)  Increasing  the  diameter  of  flues  decreases  their  efficiency 
as  heat  absorbers ;  increasing  the  length  of  flues  beyond  a  certain 
length  increases  their  efficiency  very  little. 

(F)  Most  of  the  resistance  to  the  passage  of  air  through  the 
flues  is  at  the  entrance  into  the  tubes,  the  length  of  the  flues  in- 
creases the  resistance  but  little. 

Theoretical  Considerations. 

It  may  be  well  to  give  here  extracts  from  the  work  done  along 
this  line  by  Prof.  Osborne  Reynolds  and  Prof.  John  Perry  of  Eng- 
land, and  compare  the  deductions  of  their  study  with  experimental 
results  presented  in  this  paper. 

As  far  as  the  authors  of  this  paper  know.  Prof.  Osborne  Reynolds 
was  the  first  to  approach  the  problem  of  heat  impartation  to  the  heat- 
ing plate  by  convection  in  a  rational  way.  As  far  back  as  1874  he 
read  a  paper  entitled  "On  the  Extent  and  Action  of  the  Heating  Sur- 
face for  Steam  Boilers,"  before  the  Literary  and  Philosophical 
Society  of  Manchester,  England,  in  which  paper  he  advanced  a 
theory  which  appears  sound  and  very  close  to  the  truth. 

The  following  is  an  extract  from  his  paper: 

"The  heat  carried  off  by  air  or  any  fluid  from  a  surface,  apart  from  the 
effect  of  radiation,  is  proportional  to  the  internal  diffusion  of  the  fluid  at  and 
near  the  surface,  i.  e.,  is  proportional  to  the  rate  at  which  particles  or  mole- 
cules pass  backwards  and  forwards  from  the  surface  to  any  given  depth 
within  the  fluid;  thus,  if  A  B  be  the  surface  an8  a  b  an  ideal  line  in  the  fluid 
parallel  to  A  B,  then  the  heat  carried  off  from  the  surface  in  a  given  time 
will  b€  proportional  to  the  number  of  molecules  which  in  that  time  pass  from 
a  b  to  A  B — that  is  for  a  given  difference  of  temperature  between  the  fluid 
and  the  surface.     This  assumption  is  based  on  the  molecular  theory  of  fluids. 

Now  the  rate  of  this  diffusion  has  been  shown  from  various  considera- 
tions to  depend  on  two  things : 

1.  The  natural  internal  diffusion  of  the  fluid  when  at  rest. 

2.  The  eddies  caused  by  visible  motion  which  mixes  the  fluid  up  and 
continually  brings  fresh  particles  into  contact  with  the  surface. 

The  first  of  these  causes  is  independent  of  the  velocity  of  the  fluid,  if  it 
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be  a  gas  is  independent  of  its  density,  so  that  it  may  be  said  to  depend  only 
on  the  nature  of  the  fluid. 

The  second  cause,  the  effect  of  eddies,  arises  entirely  from  the  motion  of 
the  fluid,"  and  is  proportional  both  to  the  density  of  the  fluid,  if  gas,  and  the 
velocity  with  which  it  flows  past  the  surface. 

The  combined  effect  of  these  two  causes  may  be  expressed  in  a  formula 
as  follows : 

(3)  H  =  At  +  Bwvt, 

where  /  is  the  difference  of  temperature  between  the  surface  and  the  fluid,  zv 
is  "the  density  of  the  fluid,  v  its  velocity,  and  A  and  B  constants,  depending 
on  the  nature  of  the  fluid,  H  being  the  heat  transmitted  per  unit  of  the  sur- 
face in  a  unit  of  time. 

If  therefore,  a  fluid  were  forced  along  a  fixed  length  of  pipe  which  was 
maintained  at  a  uniform  temperature  greater  or  less  than  the  initial  temper- 
ature of  the  gas,  we  should  expect  the  following  results  : 

1.  Starting  with  a  velocity  zero,  the  gas  would  then  acquire  the  same 
temperature  as  the  tube. 

2.  As  the  velocity  increased  the  temperature  at .  which  the  gas  would 
emerge  would  gradually  diminish,  rapid-ly  at  first  but  in  a  decreasing  ratio 
until  it  would  become  sen.'^ibly  constant  and  independent  of  the  velocity.  The 
velocity,  after  which  the  temperature  of  the  emerging  gas  would  be  sensibly 
constant,  can  only  be  found  for  each  particular  gas  by  experiment;  but  it 
would  seem  reasonable  to  suppose  that  it  would  be  the  same  as  that  at 
which  the  resistance  offered  by  friction  to  the  motion  of  the  fluid  would  be 
sensibly  proportional  to  the  square  of  the  velocity.  It  having  been  found 
both  theoretically  and  by  experiment  that  this  resistance  is  connected  with 
the  diffusion  of  the  gas  by  a  formula: 

(4)  R  =  A'v  -f-  B'wv2 

and  various  considerations  lead  to  the  supposition  that  A  and  B  in  (3)  are 
proportional  to  A'  and  B'  in  (4).  The  value  of  v  which  this  gives  is  very 
small,  and  hence  it  follows  that  for  considerable  velocities  the  gas  should 
emerge  from  the  tube  at  a  nearly  constant  temperature  whatever  may  be  its 
velocity. 

This,  as  I  am  about  to  point  out,  is  in  accordance  with  what  has  been 
observed  in  tubular  boilers  as  well  as  in  more  definite  experiments. 

In  the  locomotive,  the  length  of  the  boiler  is  limited  by  the  length  of  tube 
necessary  to  cool  the  air  from  the  fire  down  to  a  certain  temperature,  say 
500  deg.  F. 

Now  there  does  not  seem  to  be  any  general  rule  in  practice  for  determin- 
ing this  length,  the  length  varying  from  16  ft.  to  as  little  as  6  ft.,  but  what- 
ever the  proportions  may  be,  each  engine  furnishes  a  means  of  comparing 
the  efficiency  of  the  tubes  for  high  and  low  velocities  of  the  air  through 
them.  It  has  been  a  matter  of  surprise  how  completely  the  steam  producing 
power  of  a  boiler  appears  to  rise  with  the  strength  of  blast  or  the  work 
required  from  it,  and  as  the  boilers  are  as  economical  when  working  with  a 
high  blast  as  with  low,  the  air  going  up  the  chimnev  cannot  have  a  much 
higher  temperature  in  the  one  case  than  in  the  other.  That  it  should  be  some- 
what higher  is  strictly  in  accordance  with  the  theory  as  stated  above. 

It  must,  however,  be  noticed  that  the  foregoing  conclusion  is  based  on  the 
assumption  that  the  surface  of  the  tube  is  kept  at  the  same  constant  tempera- 
ture, a  condition  which  it  is  easy  to  see  can  hardly  be  fulfilled  in  practice." 

In  his  book  on  "Steam  Engines  and  Gas  and  Oil  Engines,"  Prof. 
John  Perry  takes  the  principles  developed  by  Prof.  Osborne  Reynolds 
and  works  out  the  following  rough  theory : 

"When  fluid  is  in  motion  filling  a  pipe,  we  know  that  there  is  a  thin  film 
or  layer  of  fluid  entangled  among  the  molecules  of  the  solid  surface  which 
is  at  rest,  that  is,  it  has  no  average  velocity  relatively  to  the  solid.     Let  us 
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consider  how  heat  gets  into  this  film  from  the  moving  fluid.  It  is  difficult 
to  say  whether  one  ought  or  ought  not  to  take  entrance  of  heat  to  this_  layer 
of  motionless  fluid  as  entrance,  to  the  metal  itself.  There  is  equalization  of 
the  momentum,  and  there  may  be  equalization  of  the  temperature. 

Now  suppose  n  molecules  per  second  to  enter  this  layer  and  the  same 
number  to  leave  it;  each  of  them  enters  with  an  average  kinetic  energy  pro- 
portional to  T  the  average  temperature  (absolute)  in  the  pipe,  and  leaves 
with  ti  the  temperature  of  the  layer,  and  an  average  mornentum  in  the  axial 
direction  proportional  to  v  if  v  is  the  average  axial  velocity  in  the  pipe. 

There  is  a  want  of  exactness  in  my  definition  of  these  averages,  which  is, 
I  think,  the  only  weakness  in  this  investigation.     Now  axially  directed  momen 
turn  gives  to  the  layer  per  second  is  what  we  mean  by  force  of  friction  F. 
So  that  per  unit  area, 

FOC    n  v.  '  (I) 

and  the  heat  H  or  kinetic  energy  per  second  per  unit  area 

H  OC  o  (T  —  ti)  (II) 

Hence 

H  OC    F  (  T  —  ti)-=-v  (III) 

Of  course,  when  v  is  o  we  cannot  use  (I)  in  (II)  to  find  (III),  but  we  shall 
onlv  use  our  equations  in  cases  where  v  has  some  value. 

In  the  standard  books  on  friction  of  fluids  in  pipes,  the  law  is  given 

F  OC  w  v2  (IV) 

where  w  is  the  weight  of  the  fluid  per  unit  volume,  and  v  is  the  average  axial 
vflocity  in  the  channel.  I  am  informed  by  Prof.  O.  Reynolds  that  the  results 
of  his  1883  paper  in  the  "Philosophical  Transactions"  are  applicable  to  gases, 
.-nd  taking  his  index  there  as  2  we  have  the  same  formula  as  (IV)  ;  (III) 
;;nd  (IV)  give  us 

(5)     H        c'  w  V  (T  —  ti) 
where  c'  is  a  constant." 

Perry's  equation  (5)  is  the  same  as  Osborne  Reynold's  equation 
(3),  if  the  first  term  on  the  right  side  of  the  equation  is  made  to 
equal  zero.  It  is  therefore  more  correctly  applicable  only  to  cases 
where  the  motion  of  the  gas  exceeds  the  critical  velocity. 

Equation  (5)  gives  the  amount  of  heat  transmitted  per  second 
per  elementary  area  of  heating  surface  of  the  flues.  If  the  amounts 
of  heat  transmitted  by  every  elementary  area  are  added,  the  heat 
transmitted  by  the  entire  heating  surface  of  the  flues  per  second 
can  be  obtained.     This  can  be  done  in  the  following  way : 

Take  (T — 1,)=:0,  T  being  the  absolute  temperature  of  the 
gases  at  the  distance  .v  from  the  furnace  end  of  a  flue  of  total  length 
/  and  diameter  D,  and  t,  being  the  temperature  of  the  dry  surface. 
Let  M  lb.  of  gases  flow  through  the  flue  per  second,  and  let  the 
specific  heat  of  the  gases  at  constant  pressure  be  a  constant,   Sp. 

c" 

(6)  Then  w  =  tt:    ' 

c"  MT 

(7)  and  v  ^  -p — 

where  c"  and  c"'  are  same  constants. 

Equations  (6)  and  (7)  are  derived  from  the  laws  that  (a)  the 
density  of  a  gas  varies  inversely  as  its  absolute  temperature,  and  (b) 
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the  velocity  varies  directly  as  the  weight  of  the  gas  which  passes 
through  the  flue  in  a  second,  directly  as. its  absolute  temperature 
(since  volume  varies  directly  with  the  absolute  temperature)  -and 
inversely  as  the  square  of  the  diameter  of  the  flue.  Substituting 
the  values  of  zv  and  v  from  equation  (6)  and  (7)  in  equation  (5), 
the  latter  becomes 

Cve_c'Me 

H=— ;p  D2" 

Hence  in  a  short  length  d.x:  of  the  boiler  flue  the  heat  transmitted 
to  the  boiler   is 

c  Me  c"  M  e  dx 

—  Sp  M  d  e  = jy^ —  X  Dtt  dx  = j^ , 

de  cdx 


or,     -s-= 


e  ~       D 


Integrating  the  above  equation  it  becomes 

ex 

ioge=— ^-h  K 

When  X  =  O,     K  =  log  0„ 

When  X  =  /     log  e^  =  _  ^  _|_  log  e^ 

and   K-  =  e       D, 
Therefore, 

(8)    G  /=  e„e     13 
The  heat  absorbed  by  the  whole  flue  of  the  boiler  per  second  is, 

(9)    H  =  Sp  M  (^0„— e„e— i3")=Sp  e,  (i— e"  iTJ 
and  the  true  efficiency  of  the  flue  is 

SpM  e,j    1  —  e  ~  5~ )  c/ 

(10)    E= ^ l=i_e~~i5' 

SpM  Go 

(The  symbol  Sp  stands  for  specific  heat  of  gas  at  constant 
pressure.) 

Equation  (10)  states  that  the  true  efficiency  of  the  boiler  flue 
depends  only  on  its  length  and  diameter  and  not  on  the  initial 
temperature,  or,  that  it  is  constant  for  the  same  boiler. 

As  shown  by  the  curves  in  this  paper,  this  equation  is  very 
nearly  correct  for  low  initial  temperature  and  velocities  of  gases 
exceeding  the  critical  values. 

For  cases  where  velocities  below  the  critical  values,  Reynold's 
equation  (3)  would  probably  come  more  closely  to  the  truth. 
For  high  initial  temperature  when  the  true  boiler  efficiency  drops 
perceptibly  with  increasing  velocity,  on  account  of  the  rapidly 
increasing  capacity,  equation  (5)  can  be  modified  for  the  increasing 
capacity. 
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Since  in  the  equation 

(5)  H=c'wv  (T-ti  ), 
ti  is  the  temperature  of  the  adhering  film  of  gas,  or,  as  we  call  it  the 
temperature  of  the  dry  surface,  it  (tj  varies  with  the  capacity,  as 
has  been  explained  in  the  section  on  conduction  of  heat  through  the 
heating  plate.  If  then,  in  the  above  equation  t^,  instead  of  being 
taken  as  a  constant,  is  expressed  in  terms  of  the  heat  transmitted 
per  second  per  unit  of  heating  surface,  equation  (5)  will  agree  for 
a  considerable  range  of  velocities  with  the  experimental  values. 
Such  modified  equation  can  be  derived  in  the  following  way: 

(2^    H  =  2(t,-t), 

Substituting  this  value  for  ti   in  equation  (5)  and  simplifying,  the 
equation   becomes 

c   w  V  (T — t) 
(11)     H= ^ 

1  +d"  '^'^  ^ 

Again  let  M  be  the  weight  of  gasses  passing  the  heating  surface  of 
the  new  flues  per  second,  then  since  w=;p-  and  v=c'  MT,  c'wv  =  CiM, 
where  Ci  is  a  new  constant. 

Let  Ci^=K,  and  rX— 1)  =  0; 

substituting  these  values  in  equation  (11)  it  becouies 

"c,  M  e 

and  the  heat  absorbed  by  any  elementary  length  of  heating  surface 

per  second  is 

C,  M  e  d/, 
— SpM  d0=  J  ^  j^^        or 

d  e_      c  d/ 
(13)     — -0       ]  +KM 

integrating  (13)  and  getting  constant  of  integration  as  before 

r  I 

0^  =  00  qT    1+^^' 

The  true  efficiency,  of  the  heating  surface  then  is 

cl 


(14)    E— 1— e        14- KM 

Equation  (14)  states  that  the  true  efficiency  of  any  given  boiler 
depends  only  on  the  weight  of  gas  passing  over  the  heating  sur- 
face. 

By  substituting  any  two  experimental  values  beyond  the  critical 
velocity  for  E  the  only  constants  c  and  K  can  be  determined.  With 
these  two  constants  determined  for  any  one  initial  temperature, 
equation   (14)   will  give  a  curve  which  will  agree  almost  exactly 
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with  the  curve  determined  experimentally,  provided  that  the  veloc- 
ity is  beyond  the  critical  value.  As  seen  from  the  curves  determined 
experimentally  the  true  boiler  efficiency  for  the  dififerent  initial  tem- 
peratures do  not  coincide.  It  is  evident  that  if  the  above  equation 
is  to  conform  with  every  curve,  the  constants  would  have  to  be 
determined  for  every  temperature,  which  is  a  weak  point  of  the 
equation.  Further  study  of  the  experimental  values  and  modifi- 
cation of  the  equation  is  necessary  before  it  can  be  used  generally. 
It  seems,  however,  that  the  direction  taken  by  Prof.  Reynolds  and 
followed  by  Prof.  Perry  in  rational  study  of  the  problem  of  heat 
impartation  to  the  heating  plate  of  the  boiler  by  convection  is  the 
right  one,  and  is  indeed  well  worthy  of  further  investigation. 

Conclusion. 

According  to  the  theory  advanced  by  Prof.  Osborne  Reynolds  and 
followed  by  that  of  Prof.  John  Perry,  the  rate  of  heat  impartation 
to  the  dry  surface  of  the  heating  plate  is  mainly  proportional  to, 

(i.)  Temperature  differences  of  the  gas  and  the  dry  surface  of 
the  heating  plate. 

(2.)    Density  of  gas. 

(3.)    Velocity  of  the  gas  parallel  to  the  dry  surface. 

The  following  explanation,  will  perhaps,  help  in  understanding 
these  factors. 

Considering  (i)  :  this  is  the  only  factor  usually  thought  of  and 
is  perhaps  self  evident. 

Considering  (2)  :  it  is  plain  that  it  is  the  individual  molecules  of 
gas  w^hch  give  up  their  heat  by  vibrating  against  the  dry  surface 
of  the  heating  plate.  The  greater  the  number  of  molecular  impacts 
per  second  against  any  unit  of  area  of  the  dry  surface,  the  greater 
the  amount  of  vibration  (heat)  imparted  to  the  molecules  of  the 
dry  surface.  But  the  number  of  molecular  impacts  is  directly  pro- 
portional to  the  density  of  the  gas  which  at  a  constant  pressure 
varies  inversely  as  the  absolute  temperature.  On  this  account  there 
is  a  direct  neutralfzation  of  gain  when  striving  for  high  tempera- 
tures in  steam  boiler  practice,  for,  as  the  temperature  is  raised,  the 
number  of  molecules  in  action  against  any  unit  of  the  dry  surface 
of  the  heating  plate  is  reduced. 

Considering  (3)  :  a  mental  image  should  be  formed  of  the  ap- 
pearance of  a  cross-section  of  intensely  magnified  dry  surface  of 
the  heating  plate.  The  molecules  of  the  solid  soot  would  probably 
appear  to  be  in  an  extremely  rapid  state  of  vibration,  with  spaces 
between  them  much  larger  than  the  molecules  themselves.  Entangled 
among  the  outer  molecules  would  be  molecules  of  gas  held  close 
together  in  a  dense  film  next  to  the  soot,  or  metal  in  case  of  an 
absolutely  clean  boiler ;  farther  out  normal  gas  is  reached  where  the 
molecules  are  widely  scattered.  All  these  gaseous  molecules,  from 
those  entangled  among  the  molecules  of  the  soot  to  those  in  the 
gas  of  normal  density  would  be  in  an  invisibly  rapid  state  of  vibra- 
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tion  ;  however,  those  close  to  the  soot  would  be  more  or  less  bound 
by  the  attraction  of  the  solid  soot.  Now,  gas  is  a  very  poor  con- 
ductor of  heat  and  if  we  depended  on  its  conduction  the  process  of 
transferring-  heat  from  the  moving  gas  to  the  adherent  film  would 
be  very  slow  indeed.  The  only  quick  way  of  getting  heat  into  the 
adherent  film  of  gas  is  to  dislodge  the  slowly  vibrating  cold  mole- 
cules, from  this  adhering  film  of  gas  and  replace  them  by  rapidly 
vibrating  hot  ones.  It  can  be  imagined  that  as  a  stream  of  hot  gas 
moves  along  the  adhering  film,  an  average  of  one  third  of  its  mole- 
cules are  vibrating  back  and  forth  perpendicular  to  the  surface 
and  the  dislodging,  or  scrubbing  effect  of  these  moving  mole- 
cules on  the  molecules  of  the  adhering  film  is  proportional  to 
the  velocity  of  the  mass  of  gas  parallel  to  the  heating  plate.  Thus 
it  is  that  the  velocity  of  gasses  along  the  heating  surface  is  an  im- 
portant factor  in  the  heat  absorption.  It  is  this  dislodgment  that 
makes  a  boiler  respond  in  amount  of  steam  made  to  any  reasonable 
demands  put  on  it. 

It  remains  to  say  a  few  words  about  the  endurance  of  the  electric 
furnace.  With  temperature  up  to  about  900  deg.  F.  there  was  no 
particular  trouble  but  when  the  temperature  of  air  was  raised  to 
1200  deg.  F.  and  1500  deg.  F.  the  nickel  wire  seemed  to  crystallize 
and  become  very  brittle  after  cooling,  and  failed  by  fusing  after 
being  in  use  10  hours  every  day  for  6  to  10  days. 

It  must  be  understood  that  in  order  to  get  the  temperature  of  air 
to  1500  deg.  F.  the  coils  are  with  extremely  high  or  low  drafts 
brought  close  to  the  point  of  fusion  (2600  deg.  F.) 

The  asbestos  slate  was  found  to  be  easily  workable  material,,  and 
stood  the  temperature  of  the  furnace  very  well.  Asbestos  shingles 
were  found  to  be  more  durable  at  high  temperatures  than  the 
asbestos  lumber  as  it  is  called  by  the  maker. 

The  St.  Louis  branch  of  the  Keasbey  and  Mattison  Co.  furnished 
free  of  charge  a  number  of  these  shingles  for  trial  for  building 
the  furnace. 

DISCUSSION. 

President  Abbott:  A  few  years  ago  the  Government  was  induced 
to  institute  as  an  annex  to  its  Geological  Survey — a  Fuel  Testing 
Department.  At  that  time  it  was  commonly  supposed  by  the  Gov- 
ernment officials  (as  it  was  by  a  great  many  other  people),  that  the 
mere  testing  of  different  kinds  of  coal  under  a  boiler  to  obtain  the 
evaporation  per  pound  of  water  per  pound  of  coal  would  produce 
information  of  value.  On  this  supposition  a  Testing  Plant  was 
built  and  a  great  many  fuel  tests  were  made.  It  did  not  take  a 
great  length  of  time  for  the  gentlemen  in  charge  of  these  tests  to 
come  to  the  conclusion  that  merely  testing  coal  in  a  particular 
apparatus  with  boiler  and  furnace  had  no  general  significance  and 
was  of  no  general  value.  Perhaps  saying  "no  general  value"  is 
almost  too  broad,  but  it  certainly  did  not  have  the  value  which  it 
was  originally  supposed  it  would  have.     The  engineers  in  charge 
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of  this  testing  work  of  course  came  to  this  conclusion  before  the 
Government  officials  did,  and  since  then  ( I  am  guessrng  at  this  now ) 
they  have  been  trying  to  coax  the  Government  officials  to  consent  to 
a  modification  of  the  work ;  or,  where  they  could  not  get  the  Gov- 
ernment to  consent  to  the  modification  they  made  it  anyway  with- 
out saying  just  what  they  were  doing. 

It  is  apparent  that  when  a  careful  test  is  to  be,  made,  no  results 
of  any  significance  can  be  obtained  if  there  are  two  or  three  or  a 
half  dozen  variables  present  in  the  test ;  it  is  necessary  to  eliminate 
or  "fix"  all  of  the  variables  except  the  one  that  is  being  tested.  In 
making  a  coal  test — so  called— one  is  really  testing  the  boiler,  the 
furnace,  and  the  coal,  while  the  skill  and  conscientiousness  of  the 
firemen  also  play  quite  an  important  part,  and,  as  Mr.  Kreisinger 
says,  when  they  came  to  analyze  their  work — separate  the  perform- 
ance of  the  boiler  from  the  performance  of  the  furnace — it  was 
found  that  there  was  no  data  available  upon  which  to  fix  the  rela- 
tive efficiency  of  either.  Therefore  they  instituted  a  series  of  tests 
upon  the  boiler,  in  which  they  eliminated  the  fuel,  the  furnace  and 
the  firemen ;  they  had  left  merely  a  boiler  supplied  with  hot  gas  and 
it  is  these  results  which  Mr.  Kreisinger  has  presented  this  evening. 

I  am  not  aware  that  similar  tests  have  ever  been  made  before — 
certainly  I  have  never  heard  of  them — and  to  these  gentlemen  great 
credit  is  due  for  the  valuable  results  they  obtained  with  the  meager 
facilities  at  their  disposal,  which  results  doubtless  will  aid  in  solving 
some  of  the  vexatious  questions  that  have  long  been  a  source  of  con- 
tention among  boiler  designers  and  boiler  users. 

Mr.  A.  Bement,  m.w.s.e.  :  This  Society  and  engineers  in  general 
I  think,  are  under  great  obligations  to  Messrs.  Ray  and  Kreisinger 
for  presenting  to  us  the  results  of  their  experiments,  and  for  show- 
ing that  velocity  has  an  important  influence  as  affectine  heat  obsorp- 
tion,  and  it  appears  that  credit  is  due  to  them  for  bringing  this  mat- 
tr  to  the  attention  of  engineers,  although  others  appear  to  have  had 
a  conception  of  the  matter,  as  a  fact  in  physics  rather  than  a  matter 
of  importance  in  engineering  practice.  They  should  have  the  sup- 
port of  engineers  in  their  effort  to  continue  this  work  in  connection 
wth  the  U.  S.  Geological  Survey  investigations.  I  hope  that  the 
Government  and  engineers  in  general  will  realize  the  importance  of 
the  experiments  and  see  to  it  that  they  be  continued. 

The  first  experiments  of  this  character  with  which  I  am  familiar, 
were  made  in  the  Harrison  Street  electric  power  plant,  of  the  Com- 
mon-wealth-Edison Company  in  Chicago,  early  in  1903,  or,  some 
four  years  ago,  wherein  the  single  gas  pass  in  Heine  boilers  was 
changed  by  an  insertion  of  baffles,  which  formed  three  passes  among 
the  tube  surface  in  place  of  the  original  one.  With  the  single  pass 
the  gases  left  the  boiler  at  a  very  high  temperature,  resultincf  in  a 
correspondingly  low  efficiency,  Mr.  Abbott,  now  President  of  this 
Society,  stated  this  condition  could  be  remedied  by  the  insertion  of 
baffles  among  the  tube  surface,  as  shown  in  Fig.  i,  illustrating  one 
of  them  as  laying  above  the  eighth  row  of  tubes  and  the  other  above 
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the  fourteenth  row,  causing  the  gases  to  flow  the  length  of  the 
boiler  three  times  instead  of  only  once,  as  in  the  original  installa- 
tion which  is  shown  in  Fig.  2.    These  baffles  were  inserted  and  care- 


Fig.   1. 
ful  tests  made,  which  showed  that  this  change  caused  some  30  per 
cent  more  work  to  be  performed  with  a  pound  of  coal  than  in  the 
boilers  without  the  baffling. 

These  experiments  have  been  described  elsewhere*  and  until  the 
experiments  set  forth  by  Messrs.  Ray  and  Kreisinger,  it  did  not 
occur  to  me  that  increased  velocity  of  the  gases  due  to  the  more  con- 
tracted gas  passages  had  any  influence  on  the  result,  although  in 
discussing  my  paper  which  gave  the  results  of  the  tests,  before  this 
Society,  Mr.  C.  H.  Hurd  stated  that  an  increase  in  velocity  of  flow 
of  gases  would  be  caused  by  reduction  in  area  of  the  passes.  It 
has  been  generally  considered  that  increased  temperature  in  escap- 
ing gases  under  such  conditions,  was  due  to  more  heat  being  sup- 
plied to  the  heating  surface,  (quoting  Prof.  Wm.  Kent's  words) 
"than  it  could  properly  absorb,"  the  idea  no  doubt  being  that  greater 
resistance  to  the  flow  of  heat  from  the  gases  to  the  water,  was 
caused  by  increase  in  temperature  of  the  heating  surface ;  and  from 

*  This  Journal,  Vol.  IX.,  p.  44.     Transactions  American  Society  of  Mechanical 
Engineers,  Vol.  26;  p.  619. 
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measurements  made  among  the  tube  surface  of  the  plain  boiler 
shown  in  Fig.  2,  it  was  apparent  that  the  current  of  hot  gases  flowed 
diagonally  from  the  lower  back  corner  to  the  front  upper  one ; 
therefore  when  a  large  amount  of  heat  passed  through  the  boiler, 


Fig.  2. 

it  took  the  same  course  as  a  small  amount,  or  in  other  words,  a 
Jarger  quantity  of  heat  was  discharged  upon  approximately  the 
same  amount  of  surface,  which  would  tend  toward  the  belief  that 
decreased  efficiency  was  caused  by  the  greater  resistance  to  the 
heating  surface,  which  would  easily  lead  to  the.  assumption  that  the 
larger  efficiency  secured  with  the  increased  passes  shown  in  Fig.  i 
was  due  to  the  gases  being  led  over  all  of  the  surface  of  the  boiler 
instead  of  only  a  portion  of  it. 
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Referring  to  diagram  No.  9  in  the  author's  paper,  it  appears  that 
when  the  same  quantity  of  gas  at  the  sam-e  temperature  in  each 
case  is  passed  through  a  narrow  and  long  tube,  and  through  a 
shorter  and  larger  one,  that  the  temperature  is  reduced  more  in  the 
narrow  and  long  tube  than  it  is  in  the  large  one,  notwithstanding 
the  fact  that  the  surface  is  as  great  in  the  larger  tube  as  it  is  in  the 
one  of  small  diameter ;  from  this  it  appears  that  under  the  condition 
of  higher  velocity,  more  heat  is  absorbed,  unless  it  can  be  shown  that 


Fig.  3. 

the  gases  in  the  large  tube  flowed  along  the  upper  surface  instead  of 
acting  upon  all  of  it,  which  may  have  been  the  case.  That  the  veloc- 
ity has  an  effect  is,  of  course,  reasonable,  as  proven  by  many  familiar 
examples,  to-wit :  if  we  blow  air  by  fan  or  other  means  on  an  object 
which  is  of  a  higher  temperature,  it  will  be  more  rapidly  cooled  than 
if  air  of  the  same  temperature  but  not  in  motion  surrounded  it ;  or  on 
the  other  hand,  if  the  air  be  warmer  than  the  article,  it  will  be  heated 
more  rapidly  therefrom  if  the  air  flows  at  a  velocity,  than  if  it  sur- 
rounds the  object  and  is  not  in  motion.  It  is,  therefore,  entirely  rea- 
sonable to  conclude  that  velocity  must  cut  a  figure  of  some  consid- 
erable importance.  I  am,  however,  inclined  to  think  that  the  authors 
place  too  much  stress  upon  its  value,  and  I  would  call  attention  to 
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tlie  fact  that  velocity  in  itself  can  have  no  direct  influence  on  the 
transmission  of  heat  and  that  it  can  only  displace  colder  gas  near 
the  heating  surface  and  cause  warmer  gas  to  take  its  place,  and 
therefore  after  all,  the  heat  transmission  is  dependent  upon  tempera- 
tures rather  than  velocity,  the  latter  only  being  the  means  by  which 
the  higher  temperature  is  brought  to  act  upon  the  heat  receiving 
surface,  and   I   think  the  paper  underestimates  the  importance   of 
high  temperature.     We  know  by  extensive  experience  with  boilers, 
that  in  every  case  were  combustion  is  complete  in  the  furnace,  that 
the  highest  efficiency  is  obtained  with  the  greatest  initial  temper- 
ature, unless,  of  course,  foreign  influencing  conditions  do  not  affect 
the  problem,  and  I  am  very  glad  that  Mr.  Ray  in  his  discussion  has 
called  attention  to  the  fact  that  they  have  discovered  in  their  experi- 
ments an  indication  that  at  high  capacity,  water  circulation  in  the 
model  boiler  used,  was  not  sufficient  to  prevent  the  temperature  of 
the  tube  surface  raising  an  amount  which  may  have  influenced  the 
outcome,  and  tended  materially  to  produce  the  result  indicated  in  the 
diagrams  which  show  that  after  the  point  of  critical  velocity  has 
been  attained,  the  proportion  of  heat  transmitted  is  practically  con- 
stant.    My  own  opinion  is,  that  while  velocity  cuts  an  important 
figure,  the  fact  that  a  greater  proportion  of  the  heating  surface  is 
acted  upon  by  gases  in  the  case,  for  example,  of  passages  of  smdll 
area  as  compared  with  large  ones  is  also  one  factor  of  importance, 
and  it  may  be  difficult  to  ascribe  a  proper  value  to  each.  It  has, 
however,  been  positively  proven  in  the  Commonwealth-Edison  Com- 
pany's experiments,  that  when  approximately  the  entire  boiler  sur- 
face is  acted  upon  by  hot  gases  which  were  necessarily  conveyed 
in  a  larger  number  of  passages  of  smaller  area,  a  much  larger  ob- 
sorption  of  heat  occurs,  and  we  are  enabled  to  take  advantage  of 
this  fact,  even  if  we  do  not  know  exactly  what  caused  the  result; 
this  leads  to  the  probable  conclusion,  that  with  the  Babcock  &  Wil- 
cox type  of  boiler,  it  would  be  an  advantage  to  .cause  the  gases  to 
flow  across  the  tubes  in  five  passes  instead  of  three  as  is  now  the 
common  practice,  and  from  my  experience  it  would  seem  reason- 
able to  expect  that  such  a  boiler  with  five  passes  would  show  as  high 
a  capacity  as  one  with  three,  and  in  this  connection  it  is  interesting 
to  note  that  the  boiler  with  three  passes  (shown  in  Fig.  i)   which 
produced  about  30  per  cent  more  steam  for  the  same  amount  of  coal, 
also  increased  the  horsepower  3.5  per  cent  over  that  secured  with 
the  unbafiled  boiler  Fig.  2,  and  the  arrangement  shown  in  Fig.  3 
with  one  baffle  causing  two  passes,  resulted  in  an  increase  in  work 
per  unit  of  fuel  of  10  per  cent,  with  an  increase  in  capacity  also  of 
about  3.5  per  cent  over  that  of  the  unbaffled  boiler,  showing  that 
with  the  more  complex  baffling  and  the  more  restricted  passages,  a 
sufficiently   larger   portion   of  the   heat   is   absorbed   to   more   than 
counteract  the  reduced  amount  of  coal  burned,  owing  to  the  lower 
draft  at  the  fire  caused  by  the  restriction  of  the  narrower  passes ; 
it  is  quite  remarkable  how  nearly  constant  the  capacity  remained 
under  these  three  conditions,  notwithstanding  that  the  baffling  was 
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carried  to  such  an  extreme.  The  efficiency  with  the  single  baffle 
shown  in  Fig.  3  is  proportionately  less  than  with  the  more  complex, 
and  it  may  be  reasonable  to  assume  that  this  is  due  in  a  measure  to 
the  much  lower  velocity  in  the  flow  of  the  gases  in  this  boiler  of 
the  single  baftle  than  in  that  of  Fig.  i,  as  well  as  less  tube  surface 
being  acted  upon  by  the  hot  gas. 

The  economic  significance  of  this  matter  should  not  be  lost  sight 
of  when  the  fact  has  been  taken  into  consideration  that  an  expendi- 
ture of  about  $300  in  placing  baffles  in  a  boiler  of  this  character, 
will  not  only  slightly  increase  the  capacity  but  effect  a  fuel  saving 
equal  to  or  greater  than  that  obtainable  in  an  economizer  installa- 
tion, which  might  cost  as  much  as  the  boiler  itself. 

One  of  the  objects  of  the  authors  is,  no  doubt,  to  bring  the  matter 
to  the  attention  of  engineers  and  to  solicit  their  interest  and  criticism. 
Assuming  this  to  be  the  case,  I  think  the  value  of  the  work  will  be 
much  enhanced  if  the  results  of  the  Commonwealth-Edison  Com- 
pany's experiments  be  incorporated  in  their  report.  I  also  feel 
that  much  credit  is  due  to  the  Commonwealth-Edison  Company's 
engineers  in  this  connection,  because  Mr.  Ray  was  in  a  measure 
identified  with  its  experiments,  and  that  before  he  left  Chicago, 
some  of  his  friends  presented  him  with  a  copy  of  The  Steam  Engine 
and  Gas  and  Oil  Engines,  by  Perry,  wherein  this  theory  of  velocity 
was  set  forth,  and  which  led  to  the  planning  of  the  experiments 
which  Mr.  Kreisinger  has  so  well  carried  out. 

I  think  the  title  of  the  paper  is  not  the  best  one  that  could  have 
been  employed,  because  the  experiments  described  by  the  authors 
do  not  deal  with  boilers  or  with  boiler  efficiency,  but  rather  with 
the  efficiency  of  heating  surface,  and  I  believe  if  this  idea  is  kept 
in  mind  it  will  simplify  the  problem ;  therefore  experiments  were 
made  not  upon  boilers,  but  upon  heating  surface  arranged  in  con- 
venient form  for  experimental  purposes,  as  Mr.  Kreisinger  has 
stated. 

One  of  the  expressions  used  may  be  misleading.  It  is  with  ref- 
erence to  the  flow  of  gases  "parallel  to"  the  heating  surface.  This 
would,  no  doubt,  cause  some  people  to  feel  that  the  Heine  type  of 
boiler  would  be  more  efficient  than  the  Babcock  &  Wilcox,  for 
example,  because  the  general  flow  is  lengthwise  of  the  tubes  instead 
of  across,  which,  of  course,  is  not  what  the  statement  means.  Prob- 
ably the  expression  of  over  or  past  the  heating  surface,  would  be 
better  than  parallel  to. 

The  authors'  diagrams  employ  the  steam  temperature  as  their 
base  line,  and  it  might  be  to  advantage  if  the  results  of  some  of  the 
tests  were  plotted,  using  the  temperature  of  the  atmosphere  as  a 
base  line. 

I  observe  that  the  authors  intimate  that  transmission  of  heat  to 
the  boiler  will  be  reduced  if  there  is  no  direct  radiation  from  the 
fire  to  the  boiler  surface.  This  is  true,  of  course,  in  the  abstract,  al- 
though we  must  remember,  that  heat  which  does  not  radiate  direct 
from  the  fire  to  the  boiler,  must  necessarily  find  its  way  into  the 
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gases  and  be  carried  over  the  surface  of  the  boilers  to  be  absorbed 
by  convection,  and,  therefore  it  will  find  its  way  into  the  boiler 
just  the  same.  It  is  probable  that  if  we  could  obtain  a  perfect  con- 
dition of  combustion  with  the  fire  exposed  directiy  to  the  boiler  sur- 
face, that  the  final  efficiency  in  steam  generation  would  be  higher 
by  a  very  small  fraction  of  one  per  cent  than  if  radiation  were  cut 
oflF,  because  if  some  heat  is  radiated  directly  from  the  fire,  then 
there  is  left  a  smaller  quantity  to  be  transmitted  by  convection,  and 
for  that  reason  transmission  would  be  more  thorough,  although  the 
diflference  is  so  slight  that  it  would  be  difficult  or  impossible  to 
estimate  it.  From  a  practical  standpoint,  however,  in  those  cases 
where  tile  roof  furnaces  are  employed,  all  the  radiation  from  the 
fire  to  the  boiler  is  cut  off  excepting  a  very  small  amount  finding  its 
way  from  the  hot  tiles  to  the  boiler  tubes.  With  this  method  of 
furnace  construction,  however,  final  efficiency  in  steam  generation 
is  very  much  higher,  when  burning  bituminous  coal,  than  with  any 
arrangement  wherein  the  tubes  are  exposed  to  the  fire,  on  account 
of  the  better  combustion  secured  with  the  tile  roof. 

Recently  I  have  compared  extensive  data  from  the  performance 
of  Babcock  &  Wilcox  boilers  equipped  with  chain  grate  stokers, 
wherein  the  tubes  of  the  boiler  were  exposed  to  the  radiant  heat 
from  the  fire  and  the  gases  allowed  to.  pass  immediately  among  them 
directly  from  under  the  ignition  arch,  and  also  from  tests  of  a 
similar  boiler  equipped  with  a  tile  roof  and  served  with  a  chain 
grate,  in  which  arrangement  the  direct  radiation  from  the  fire  was 
entirely  cut  ofif  as  far  as  possible  by  this  roof ;  I  found  that  for  the 
same  unit  of  boiler  heating  surface,  and  strength  of  draft  at  the 
fire,  the  tile  roof  apparatus  evaporated  40  per  cent  more  water,  or  in 
other  words  made  40  per  cent  more  horsepower  than  the  .boiler 
wherein  the  tubes  were  exposed  to  the  direct  radiation  of  the  fire, 
and  did  so  with  an  important  increase  in  efficiency.  1  wish  to  be 
particular  in  calling  attention  to  this'  fact,  because  recently  in  a 
discussion  of  the  boiler  capacities  obtained  in  the  coal  tests  in  the 
Geological  Survey's  plant  at  St.  Louis,  some  members  of  the  Ameri- 
can Society  of  Mechanical  Engineers  stated,  I  believe,  that  in  their 
opinion,  the  presence  of  the  tile  furnace  roof  caused  lower  horse- 
power to  be  realized  than  would  have  been  the  case  if  it  had  not 
been  present.  I  do  not  wish  that  we  should  be  misinformed  con- 
cerning a  matter  of  such  great  importance  as  this. 

Mr.  E.  F.  Smith,  m.w.s.e:  It  has  occurred  to  me  that,  in  study- 
ing the  relation  of  temperature  of  gases  to  true  boiler  efficiency  and 
to  the  rate  of  absorption,  we, might  arrive  at  a  more  accurate  con- 
clusion if  we  were  to  consider  the  relation  of  the  average,  or  effec- 
tive, temperature  of  the  gases  with  regard  to  the  average  temper- 
ature of  the  water,  rather  than  the  initial  and  final  temperature  of 
the  gases  with  relation  to  the  temperature  of  the  water.  In  other 
words,  we  know  that  the  initial  temperature  is  related  to  the  final 
temperature  in  a  manner  which  might  be  shown  by  some  arbitrary 
curve  and  in  considering  those  two  limits  it  does  not  occur  to  me 
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that  we  are  reaching  a  true  conckision,  as  the  average  temperature 
of  the  gas,  which  has  an  important  bearing  on  the  heat  transmis- 
sion, may  he  anywhere  between  those  two  Hmits.  I  would  ask  Mr. 
Kreisinger  if  any  •investigations  have  been  made  along  that  line, 
although  of  course  I  recognize  that  it  would  be  very  difficult  to  make 
the  observations. 

President  Abbott:  Mr.  Smith's  point  is,  I  believe,  that  the  trans- 
fer of  the  heat  is  proportional  to  the  average  temperature  of  the 
gas  between  its  initial  and  final  temperatures,  and  if  so  the  average 
temperature  should  be  used  in  the  calculatien. 

Mr.  J.  L.  Hecht,  m.w.s.e.  :  There  is,  it  seems  to  me,  a  close  an- 
alogy between  what  this  paper  calls  boiler  efficienc}?^  and  what  we 
speak  of  as  engine  efficiency.  When  we  say  that  an  engine  has  65' 
per  cent  efficiency  we  do  not  mean  that  we  are  changing  65  per 
cent  of  the  heat  units  in  the  work.  We  of  course  mean  that  we  are 
using  65  per  cent  of  the  theoretically  available  heat  units  which  we 
know  to  Ise  about  27  per  cent ;  in  other  words,  about  17  per  cent 
actual  efficiency.  In  boiler  tests,  when  we  say  we  get  75  per  cent 
efficiency  we  do  not  mean  that  me  may  hope  to  get  100  per  cent 
efficiency  on  that  basis,  and  I  think  if  the  heat  units  which  are  not 
available  for  work  in  the  furnace  could  be  eliminated,  so  that  the 
heat  units  which  are  available  for  w'ork  in  the  furnace  amount  to  say 
80  per  cent  (to  assume  arbitrary  figures),  we  might  hope  to  get  100 
per  cent  of  that  80  per  cent.  Then  our  statement  of  the  boiler 
having  a  certain  percentage  of  efficiency  would  mean  more  than  it 
does  at  the  present  time. 

Towards  the  end  of  the  third  paragraph,  of  the  fourth  page  of 
this  paper,  there  is  a  statement  made  which  evidently  means  that 
as  the  capacity  is  increased  in  a  boiler  the  efficiencyy  is  lowered. 
Che  statement  referred  to  is  as  follows:  "Thus  we  see  tiiat  with 
the  same  conditions  of  the  heating  plate  and  the  same  initial  tem- 
perature of  the  furnace  gases,  the  temperature  of  the  escaping 
gases  will  rise  with  increasing  capacity.  Any  cause  which  with 
the  same  initial  temperature  of  furnace  gases  tends  to  increase  the 
factor  (tj. —  t),  increases  the  loss  up  the  stack  and  lowers  the  effici- 
ency of  the  boiler  by  the  same  amount."  I  do  not  quite  see  how 
to  reconcile  that  with  the  fact  that  invariably  increased  efficiencies 
are  obtained  with  increased  capacity.  In  fact  they  usually  seem 
to  be  directly  proportional  to  each  other. 

Another  thing  that  has  occurred  to  me  is,  of  what  value  is  a  large 
part  of  this  work  for  practical  purposes,  because  in  this  case  air 
was  heated  and  put  through  tubes  surrounded  by  water  and  heat 
was  absorbed.  The  question  of  excess  of  air  does  not  enter  in.  It 
is  my  opinion  that  in  actual  boiler  performances  the  reason  we  get 
better  efficiency  with  increased  capacity  is  that  we  cut  down  our 
excess  of  air,  burn  more  coal  and  get  more  nearly  the  theoretical 
quantity  of  air.  For  that  reason  I  think  some  of  the  results  given 
in  this  paper  may  be  directly  the  opposite  of  what  we  might  expect 
to  happen  in  a  boiler  under  practical  service. 
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Walter  T.  Ray.  mav.s.e.  (by  letter)  :  Although  my  name  ap- 
pears as  one  of  the  authors  of  this  paper,  I  really  did  little  of 
the  work ;  the  primitive  conception  of  the  method  of  attack  was 
mine*  and  I  laid  out  the  general  lines  along  which  the  apparatus 
might  be  built,  and  the  general  character  of  tests  to  be  run.  My 
original  ideas  were  considerably  modified  and  all  details  of  design 
and  testing  were  studied  out  and  executed  mostly  by  Mr.  Kreis- 
inger.  Mr.  Chas.  E.  Augustine  was  exceedingly  valuable  as  the 
mathematical  calculator  of  tests.  Messrs.  Fred  J.  Bird  and  Carl  J. 
Fletcher  ran  most  of  the  tests.  We  desire  to  thank  Prof.  L.  P. 
Breckenridge  for  the  immediate  interest  he  took  in  all  the  work, 
and  Prof.  J.  A.  Holmes  and  Mr.  H.  M.  Wilson  (of  the  Geological 
Survey*)    for  their  interest  .and  indirect  aid. 

I  thought  it  best  to  relegate  certain  remarks,  following  hereafter, 
to  the  discussion,  that  they  might  pass  as  personal  opinions  and  not 
in  any  way  commit  the  Geological  Survey. 

As  to  the  general  method  of  attack,  physicists  may  well  make  the 
valid  criticism  that  we 'should  have  carefully  determined  the  actual 
temperature  of  the  metal  of  the  fire  tubes,  which  is  certainly  always 
some  warmer  than  the  surrounding  water ;  it  is  absolutely  true  that 
the  temperature  of  the  metal  of  the  tubes  is  the  lower  limiting  tem- 
perature of  cooling  the  gases,  and  not  the  temperature  of  the  Vv'ater. 
The  vital  question  is  whether  the  metal  is  one-tenth  degree  warmer 
than  the  water,  or  ten  or  one  hundred  degrees.  After  a  careful  con- 
sideration it  was  decided  that  for  such  low  temperature  as  we  should 
work  with  the  first  few  months,  the  difference  would  not  be  very 
disturbing.  My  personal  opinion  is  that  this  conclusion  was  verified 
for  the  lower  temperatures  of  the  entering-air,  but  that  for  the  higher 
temperatures  it  was  rendered  doubtful ;  for  instance,  when  using 
the  high  furnace  temperatures  the  true  boiler  efficiency  fell  gradual- 
ly with  increasing  heat  transmission,  which  falling  I  believe  was 
mostly  due  to  an  increasing  rise  in  tube-metal  temperature,  due  to 
water  circulation  failing  more  and  more  to  keep  up  with  demands 
on  it. 

A  factor  of  policy  also  had  weight, — engineers  are  seldom  phvsic- 
ists,  and  they  afe  slow  to  trust  boiler  investigations  made  on  appar- 
atus which  looks  not  the  least  like  a  boiler ;  whence  we  adopted 
multitubular  boilers. 

The  most  important  factor  was  our  inability  to  think  of  a  feasible 
way  to  measure  tube-metal  temperatures  at  many  points.  This  will 
be  done  at  the  Jamestown  Exposition  on  large  boilers  when  work- 
ing at  various  capacities  and  combustion-chamber  temperatures. 
Any  future  experiments  with  laboratory  apparatus  will  be  modified 
according  to  data  obtained  on  the  large  boilers. 

For  certain  reasons  this  work  is  now  discontinued,  and  it  is  ques- 
tionable whether  it  will  ever  be  resumed  unless  there  is  a  strong 
demand  from  the  engineering  public  for  further  investigation  of 
heat  transmission  and  boiler  efficiencies.  If  the  work  be  continued 
it  will  be  closely  along  the  following  lines : 
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(i)  Continuation  of  tests  on  small  models  of  multitubular  boilers, 
using  the  three  lengths  of  8,  i6  and  24  inches;  each  length  to  be 
tried  with  several  tube  diameters ;  and  each  of  the  many  alx)ve  men- 
tioned boilers  with  several  temperatures  of  entering  air,  and  *sev- 
eral  velocities  of  entering  air.  Better  provision  would  be  made  for 
effective  water  circulation.  To  complete  the  above  investigation 
would  require  thousands  of  tests,  occupying  about  twice  as  many 
hours,  and  the  time  would  be  unayailable.  Fortunately  at  least  two- 
thirds  of  the  tests  can  probably  be  omitted  after  more  is  learned  of 
the  nature  of  true  boiler  efficiency. 

(2)  After  the  simple  multitubular  boiler  is  reduced  to  a  mathe- 
matical basis,  the  step  should  be  made  to  water-tube  boilers,  where 
all  conditions  are  far  more  complex.  The  researches  should  be 
made  with  closely  governable  water  circulation  inside  the  tubes,  as 
well  as  closely  governable  air  flow  outside  of  them.  The  follow- 
ing factors  should  be  systematically  investigated  one  at  a  time  and 
in  combination : 

.     Outside  diameter  of  tubes. 

Distance  apart  of  tubes  center  to  center  in  each  row. 

Distance  apart  of  rows  of  tubes,  center  to  center. 

Effect  of  staggering  rows  of  tubes. 

A  careful  investigation  of  draft  absorption  in  all  the  above  cases. 

Inasmuch  as  expenditure  of  work  on  such  experiments  has  now 
ceased,  readers  will  confer  a  favor  on  the  authors  by  informing 
them  of  any  work  done  along  these  lines  in  this  country  or  England 
or  in  Europe ;  it  is  our  intention  to  attempt  on  our  own  time  a 
mathematical  co-ordination  of  any  reliable  tests  we  can  get  hold  of. 

When  thinking  of  draft  one  must  remember  that  it  is  used  up 
perhaps  in  two  nearly  independent  ways,  (i)  by  scrubbing  the  heat- 
ing surface,  which  is  the  desired  effect,  and  (2)  by  contractions  and 
expansions  of  cross-section  of  flow,  the  loss  due  to  which,  is  ac- 
companied by  scarcely  any  benefit.  If  boilers  are  hereafter  to  be 
worked  much  harder  than  now,  useless  absorption  of  draft  will 
have  to  be  greatly  reduced  by  intelligent  arrangement  of  baffles  and 
heating  surfaces,  the  fundamental  data  for  which  arrangement  can 
not  now  be  had. 

I  believe  that  very  few  forced  and  induced  draft  fans  have  a  high 
efficiency,  because  the  air  must  enter  and  leave  the  blades  with  con- 
siderable shock,  since  the  blades  are  usually  radial.  If  boilers  are 
to  be  made  to  absorb  ten  times  the  heat  per  square  foot  of  heating 
surface  than  now,  high  forced  and  induced  drafts  will  be  necessarv, 
and  the  fans  will  have  to  be  efficient.  At  best  they  will  probably 
use  up  several  per  cent  of  the  steam  generated.  The  saving  in 
interest  on  investment  in  the  plant  will  far  more  than  counterbalance 
the  loss  of  power  in  draft  production,  especially  when  we  consider 
that  boilers  and  furnaces  may  possibly  be  made  ten  or  fifteen  per 
cent  more  efficient  than  they  usually  are  now. 

On  attempting  to  force  up  steam  output  per  square  foot  of  heat- 
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ing  surface,  per  square  foot  of  floor  space  and  per  dollar  invested, 
the  greatest  troubles  will  be  had  with  the  fuel  bed  and  furnace : 
the  treatment  of  this  subject  is  beside  this  paper. 

L.  P.  Breckcnridge,  m.  w.  s.  e.  (by  letter)  :  The  results  of  the 
experiments  reported  in  this  paper  certainly  present  many  sugges- 
tions for  thoughtful  consideration.  The  term  efficiency  has  long 
been  used  so  loosely  in  technical  literature  that  one  is  seldom  sure 
of  its  significance  unless  it  is  carefully  defined  by  each  writer  who 
uses  it.  This  has  been  done  in  this  paper  at  the  bottom  of  the  first 
page  of  the  article.     The  definition  eiven  is 

„        ,,   .,       _^  .  Heat  absorbed  by  the  Boiler 

True  Boiler  Etticiency  =  ~- ; 

Heat  which  is  available  for  it. 

The  numerator  of  this  fraction  is  readily  understood  but  just 
what  amount  of  heat  is  represented  by  the  denominator  might  easily 
be  given  a  wrong  interpretation  unless  the  thoughts  of  the  authors 
are  carefully  followed.  It  would  seem,  therefore,  worth  while  to 
point  out  that  in  this  discussion  the  term  boiler  is  restricted  to  just 
that  metallic  vessel  which  holds  the  water  to  be  evaporated  and  that 
only  the  heat  absorbed  by  the  water  in  this  vessel  is  inclined  in  the 
heat  considered  in  the  numerator  of  the  above  fraction.  One  reader 
will  think  perhaps  that  the  heat  available  for  the  boiler  refers  to 
the  heat  contained  in  the  coal  fired  as  determined  by  the  coal  calori- 
meter, another  that  it  refers  to  the  heat  in  the  dry  coal  fired  less 
the  heat  in  the  refuse  drawn  from  the  ash  pit,  others  will  doubtless 
remember  to  make  some  allowances  for  that  fine  ash  which  is  drawn 
over  the  bridge  wall  and  they  will  also  allow  that  the  boiler  can 
not  absorb  heat  from  escaping  gases  whose  temperature  is  even  the 
same  as  the  temperature  of  the  water  inside  the  boiler,  and  the 
proper  allowances  will  also  be  considered  for  radiation  losses.  There 
are,  however,  still  other  losses  which  must  be  considered  and  which 
are  not  always  much  thought  of  in  these  problems. 

If  when  coal  is  burned  in  a  boiler  furnace  the  combustion  is  in- 
complete, because  of  lack-  of  sufficient  air  supply  or  because  the 
absence  of  proper  mixing  devices  prevents  the  necessary  inter- 
mingling of  the  air  with  the  carbon  particles,  or  because  the  already 
properly  mixed  gases  are  reduced  in  temperature  by  coming  in  con- 
tact with  cool  surfaces  of  the  boiler  then  there  cannot  be  evolved 
in  the  furnace  the  heat  which  is  available  in  the  coal.  Those  who 
have  experimented  in  this  interesting  field  will  know  the  difficulties 
that  are  to  be  encountered  when  attempting  the  determination  of  the 
actual  heat  evolved  in  the  furnace.  It  is  only,  however,  when  we 
know  just  what  the  amount  of  this  heat  is  that  we  can  be  ready 
to  determine  the  value  of  the  denominator  of  the  fraction  in  the 
expression  for  the  true  boiler  efficiency.  It  has  seemed  well,  there- 
fore, to  call  attention  somewhat  at  length  to  the  many  factors  which 
must  enter  into  the  problem  of  "true  boiler  efficiency"  as  this  term 
is  used  in  the  paper  here  under  discussion.  The  determination  of 
heat  transfer  through  boiler  tubes  and  the  factors  which  eflfect  such 
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transfer  are  of  much  importance  in  boiler  operation  and  construc- 
tion and  all  such  work  as  is  here  presented  should  be  gratefully 
received. 

CLOSURE 

Mr.  Kreisinger :  I  wish  to  thank  the  president  of  this  society  and 
also  the  other  gentlemen  here  who  have  taken  part  in  the  discussion 
of  the  paper. 

It  may  appear,  as  Mr.  Bement  says,  that  we  are  placing  too  much 
stress  upon  the  velocity  factor  as  affecting  the  rate  of  heat  transmis- 
sion and  overlooking  the  importance  of  the  temperature.  In  writing 
the  paper  we  thought  no  arguments  were  needed  to  convince  the 
reader  that  the  rate  of  heat  transmission  depends  on  the  difference 
of  temperatures  of  the  gas  and  the  dry  surface.  The  importance 
of  the  temperature  factor  is  generally  admitted;  in  fact  it  was 
thought  by  many  engineers,  and  even  the  older  physicists,  that  the 
rate  of  heat  transferance  from  a  gas  to  a  metal  plate  depended  only 
on  the  difference  of  the  temperature  of  the  two.  The  velocity  factor, 
in  our  opinion,  needed  strong  arguments  and  experimental  proofs  in 
order  that  its  importance  might  be  admitted. 

The  fact  that  in  our  paper  we  used  the  term,  "true  boiler  effici- 
ency," which,  with  the  same  boiler  is  nearly  independent  of  the 
initial  temperature,  may  convey  the  idea  that  we  intended  to  impress 
on  the  reader  that  high  initial  temperatures  are  not  needed  for  good 
performance  in  boiler  practice.  This  is  not  the  case,  for  when  we 
started  in  our  paper  to  investigate  the  true  boiler  efficiency  we 
meant  to  call  attention  to  the  fact  indicated  by  our  experiments,  that 
beyond  the  critical  velocity  of  the  gas,  a  boiler  will  absorb  nearly 
the  same  percentage  of  the  heat  available  for  absorption,  as  far  as 
heat  impartation  by  convection  is  concerned,  no  matter  what  the 
initial  temperature  is.  It  may  be  easily  shown  that  with  higher  initial 
temperature  more  heat  is  available  for  absorption,  and  consequently 
a  greater  percentage  of  the  total  heat  generated  is  absorbed,  which 
means  that  the  ordinarily  used  boiler  efficiency  (heat  absorbed  by 
boiler  divided  by  heat  generated)  increases  with  the  rise  of  initial 
temperature. 

It  may  be  well  to  stop  here  and  explain  more  fully  what  the  true 
boiler  efficiency  is,  and  how  it  is  related  to  boiler  efficiency  as  ordin- 
arily used.  The  true  boiler  efficiency  was  devised  by  the  Steam 
Engineering  Division  of  the  U.  S.  Geological  Survey,  because  it 
seems  to  be  the  only  true  measure  of  the  ability  of  the  boiler  to 
absorb  heat.  All  other  boiler  efficiencies  used  in  commercial  tests 
make  the  boiler  responsible  for  not  absorbing  heat  not  available  for 
absorption.  Perhaps  the  best  way  to  make  this  matter  of  boiler 
efficiency  clear  is  by  using  diagrams  in  which  quantities  of  heat  are 
represented  by  areas. 

Supposing  I  lb.  of  combustile  having  12,000  B.t.u.  is  burned  com- 
pletely and  the  gaseous  product  of  combustion  is  20  lbs.  Assuming 
for  the  sake  of  simplicity,  that  the  specific  heat  of  the  gases  is  0.25, 
the  temperature  of  the  product  of  combustion  will  be  2400  deg.  F. 
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above  the  temperature  of  the  atmosphere.  Then  if  in  Fig".  3,  the 
temperature  is  used  as  ordinate,  and  the  product  of  the  weight  of 
gases  multipHed  by  their  specific  heat  as  abscissa-e,  the  heat  gen- 
erated by  the  burning  of  the  combustile  is  represented  by  the  area 
O  E  F  P.  Supposing  this  hot  gas  is  passed  under  a  boiler  generat- 
ing steam  under  a  pressure  of  80  lbs.,  which  makes  the  temperature 
of  the  boiler  water  about  324  deg.  F.  Let  the  line  A  B  indicate  this 
temperature.  Then  of  the  total  heat  generated,  only  the  heat  above 
this  line,  or,  the  heat  represented  by  the  area  A  E  F  B,  is  available 
for  absorption.  The  remainder  of  the  heat  represented  by  the  area 
O  A  B  P,  being  below  the  temperature  of  the  water  in  the  boiler, 
cannot  be  absorbed. 

It  is  only  this  available  heat  A  E  F  B  which  an  ideal  boiler  can 
absorb,  and  it  is  therefore  taken  as  the  basis  for  measuring  the  heat 
absorbing  ability  of  a  boiler.  Xow,  suppose  the  boiler  cools  the 
gases  down  to  750  deg.  F.,  which  temperature  is  indicated  in  the 
diagram  by  the  line  GH.  then  the  heat  absorbed  by  the  boiler  is  rep- 
resented bv  the  area  G  E  F  H.  The  true  boiler  efficiency  is  given 
by  the  ratio  of  the  area  G  E  F  H  to  the  area  A  E  F  B.  And  if  the 
temperature  of  the  atmosphere  is  taken  at  60  deg.  F.,  indicated  in 
the  diagram  by  line  OP,  the  boiler  efficiency  ordinarily  used  is  given 
by  the  ratio  of  area  G  E  F  A  to  the  area  O  E  F  P.  The  numerical 
values  of  the  two  efficiencies  in  this  assumed  case  are : 


The  true  boiler  efficiency,  E4  = 


2400  -|-  60  —  750 


2400  -|-  60  —  324 


=  Ho% 
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2400  +  60  —  7  i;o 
Efficiency   as    ordinanly  used,  E  = —  =  ■j\% 

If  instead  of  the  steam  being  generated  under  80  lbs.  of  pressure, 
it  is  generated  under  a  pressure  of  200  lbs.,  then  the  corresponding 
temperature  of  the  boiler  water  is  388  deg.  F.  Thus  less  heat  is 
available  for  absorption,  and  less  heat  will  be  absorbed  by  the  boiler 
even  though  the  ratios  of  the  two  heats  may  remain  the  same.  Tak- 
ing the  temperature  of  the  escaping  gases  in  this  case  to  be  800  deg. 
F..  the  two  boiler  efficiencies  are : 

^        ,    .,        -  .  T-        2400  +  60  —  800        „    , 

True    boiler   etticiency,    E,  = ; — ; -—^ho% 

■'  2400  +  60  —  388 

Efficiency  as  ordinanly  used,  E  = =  69  % 

This  second  case  shows  that  although  the  rise  in  steam  pressure 
may  not  effect  the  true  boiler  efficiency,  it  lowers  the  boiler  effici- 
ency, as  ordinarily  stated. 

Again,  supposing  the  same  i  lb.  of  combustile  is  burned  com- 
pletely, but  with  a  resulting  weight  of  the  gaseous  product  of  com- 
bustion equal  to  40  lbs. ;  the  temperature  of  the  product  will  then  be 
only  1200  deg..  F.  above  atmospheric  temperature.  Although  the 
same  quantity  of  heat  is  generated  as  in  the  first  case,  twice  as  much 
heat  is  below  the  temperature  of  the  boiler  water  and  therefore  not 
available  for  absorption ;  the  quantity  of  the  heat  available  is  smaller 
by  the  same  amount.  Thus,  even  should  the  true  boiler  efficiency 
remain  constant,  a  smaller  percentage  of  the  total  quantity  of  heat 
generated  will  be  absorbed  because  less  heat  is  available  for  absorp- 
tion. Assuming  the  temperature  of  the  leaving  gases  to  be  510, 
then  the  two  efficiencies  are : 

r^  ,  .,  „       .  „  I  200    -j-     60—       510  _  . 

True    boiler  efficiency,  E,  =  , — — =  80  % 

1200  -)-  60  —  324 

■^r^  .  ,.       ,  ,   ^         1200  -f-  60  —  510  , 

Emciencv  as  ordmarlv  used,  E  -= :=  62.15  % 

•'  ^  ,      1200 

In  an  extreme  case  so  much  air  could  be  used  for  the  combustion 
that  the  temperature  of  the  product  would  be  equal  to  that  of  the 
boiler  water,  in  which  case  no  heat  would  be  available  for  the  boiler, 
and  therefore  no  heat  would  be  absorbed  by  it.  Thus  it  can  be  seen 
that  the  useful  effect  of  the  heat  diminishes  with  the  drop  of  the 
initial  temperature  of  the  product  of  combustion.  It  is,  however, 
unfair  to  charge  in  .the  above  cases  the  decreases  in  the  useful  effect 
to  the  boiler ;  in  these  cases  the  decrease  should  be  charged  rather 
against  the  furnace.  Only  the  heat  available  for  the  boiler  and  not 
absorbed  by  it  should  be  counted  against  the  boiler. 

It  should  not  be  inferred  from  the  charts  presented  in  our  paper 
that  since  the  true  boiler  efficiency  of  a  boiler  is  nearly  the  same  for 
all  initial  temperatures  it  does  not  matter  how  much  air  is  used  for 
the  combustion  of  the  fuel  and  that  the  useful  effect  will  be  the  same. 
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The  less  air  used  for  combustion  the  higher  the  temperature  of  the 
products,  and  provided  that  all  the  combustible  has  completely 
burned,  the  larger  will  be  the  quantity  of  the  heat  available  for 
absorption,  and  even  should  the  true  boiler  efficiency  remain  the 
same,  the  larger  will  be  the  quantity  of  heat  absorbed  by  the  boiler. 
With  any  given  boiler  the  problem  seems  to  be  to  make  as  much 
heat  available  for  absorption  as  possible  and  the  boiler  will  always 
do  its  best. 

The  expression  "gases  passing  along  the  heating  surface,"  will 
probably  be  misunderstood  by  many.  I  think  that  Mr.  Bement's  ex- 
pression—  "gases  passing  over  the  heating  surface" — is  better,  as  it 
includes  both  gas  currents  parallel  and  perpendicular  to  water  tubes 
of  a  boiler. 

With  reference  to  Mr.  Bement's  suggestion  that  the  title  of  this 
paper  might  more  properly  be  stated  "True  Efficiency  of  Heating 
Surface,"  I  will  say  that  probably  he  is  right,  but  as  we  started  out 
in  our  work  at  St.  Louis  to  call  it  "True  Boiler  Efficiency"  we  prefer 
not  to  make  any  change  in  the  title  now,  as  it  might  cause  some 
confusion ;  or  at  least  not  until  this  other  term  is  more  generally 
adopted. 

Mr.  Smith  asked  whether  we  should  not  take  the  average  tem- 
perature of  the  gases  as  they  pass  through  the  boiler,  instead  of 
using  the  initial  temperature  in. the  calculation.  I  do  not  think  that 
this  would  be  the  correct  way  pit  would  certainly  involve  a  very 
elaborate  calculation,  and  as  some  assumption  would  have  to  be 
made,  it  is  doubtful  that  such  calculation  would  have  any  value.  The 
arithmetical  average  between  the  initial  and  final  temperatures  of 
the  gases  would  not  be  the  correct  average,  because  the  drop  of  the 
temperature  through  the  boiler  is  an  exponential  curve  and  not  a 
straight  line.  In  future  experiments  we  intend  to  get  this  drop 
by  actual  measurements. 

Mr.  Hecht,  I  believe  compared  our  true  boiler  efficiency  to  a  steam 
engine  efficiency  similarly  based  on  the  heat  available  for  trans- 
formation into  mechanical  energy.  This  is  a  good  comparison.  In 
testing  steam  engines  we  are  dissatisfied  if  they  do  not  transmit  all 
the  heat  into  mechanical  energy  although  we  know  that  a  larger  part 
of  the  heat  given  to  the  engine  is  below  the  atmospheric  temperature, 
and  is  not  available  in  the  engine.  For  instance,  of  all  the  heat 
given  to  the  engine  perhaps  only  30  per  cent  is  available ;  the  re- 
maining 70  per  cent  of  the  heat  is  not  available  for  the  engine,  as 
the  latter  can  not  reduce  the  temperature  of  the  steam  below  that 
of  the  atmosphere. 

In  a  special  bulletin  entitled  "The  Study  of  "Four  Hundred  Boiler 
Tests,"  the  Steam  Engineering  Division  of  the  U.  S.  Geological 
Survey  described  and  illustrated  such  true  thermo-dynamic  steam 
engine  efficiency,  and  defined  it  as  "the  ratio  of  the  heat  converted 
by  the  engine  into  mechanical  energy,  to  the  heat  available  in  the 
engine,"  counting  all  the  heat  which  remains  in  the  steam  after  the 
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engine  has  expanded  it  adiabatically  to  the  temperature  of  the  at- 
mosphere as  not  being  available  to  the  engine. 

^Ir.  Hecht  also  said  that  the  efficiency  of  the  boiler  increases  with 
the  capacity.  That  is  probably  the  over-all  efficiency  of  the  steam 
generating  apparatus;  that  is,  the  ratio  of  the  heat  absorbed  by  the 
boiler  to  the  heat  in  the  coal  fired.  This  might  be  so  in  some  cases 
because  the  latter  efficiency  takes  in  the  efficiency  of  the  furnace, 
grate  and  boiler.  Perhaps  in  some  cases  the  drop  in  boiler  effici- 
ency may  be  accompanied  by  a  rise  in  furnace  efficiency ;  then  two 
multiplied  together  appear  the  same,  or  higher  capacity  may  give 
slightly  higher  over-all  efficiency.  This  may  be  so  in  a  few  cases, 
when  the  boiler  is  worked  at  a  very  low  capacity ;  in  general,  how- 
ever, it  has  been  our  experience  that  the  over-all  efficiency  of  the 
steam  generating  apparatus  drops  with  the  rise  in  capacity.  I  will 
refer  Mr.  Hecht  to  the  special  bulletin  mentioned  for  proofs  of  my 
last  statements,  and  also  to  discussion  of  boiler  tests  published  else- 
where by  various  members  of  the  Steam  Engineering  Division  of 
the  U.  S.  Geological  Survey. 

As  to  the  last  point  brought  out  by  Mr.  Hecht,  I  will  say  that  the 
real  value  of  the  experiments  presented  in  this  paper  lies  in  the  fact 
that  the  grate  and  furnace,  and  consequently  the  excess  of  air,  have 
been  eliminated.  The  purpose  of  these  experiments  was  to  study 
the  heat  absorption  by  the  boiler,  or,  better,  by  its  heating  surface, 
and,  as  Mr.  Abbott  said,  as  no  results  of  any  significance  can  be 
obtained  if  there  are  two  or  three  or  half  a  dozen  variables  present 
in  the  tests ;  it  is  necessary  to  eliminate  or  fix  all  the  variables  except 
the  one  that  is  being  tested.  Since  we  were  testing  the  heating 
surface  of  a  boiler  we  have  eliminated  the  furnace,  the  coal  and  the 
firemen,  as  these  are  var}-ing  quantities  which  would  make  the  prob- 
lem we  wished  to  study  very  complicated. 

There  were  made  at  the  Government  Coal  Testing  Plant  at  St. 
Louis  about  500  boiler  tests  with  more  complete  and  accurate  records 
than  have  ever  been  made  before,  and  still  the  value  of  those  tests 
was  considered  unimportant  by  many  engineers  because  there  were 
so  many  variables  in  each  test  that  it  is  difficult  to  draw  any  definite 
conclusions.  I  shall  again  refer  to  the  Government  bulletin  "Study 
of  Four  Hundred  Boiler  Tests"  wherein  there  is  a  full  discussion  of 
most  of  the  boiler  tests  made  at  the  Government  Coal  Testing  Plant, 
and  where  many  conclusions  were  attempted. 


PROCEEDINGS  OF  THE  SOCIETY. 

MINUTES  OF  THE  REGULAR  MEETIXG,  September  4th,  1907. 
A  regular  meeting  of  the  Society  (No.  609),  being  the  first  meeting  follow- 
ing the  summer  vacation,  was  held  Wednesday  evening,  September  4th.  1907. 
The  meeting  was  called  to  order  about  8:30  p.  m.  by  President  Abbott, 
with  about  50  members  and  guests  present.     The  Secretary  read  the  Minutes 
of  the  E.xtra  Meeting  (No.  608),  held  June  26th,  1907,  which  were  approved. 
The  Secretary  reported  from  the  Board  of  Direction  that  the  following 
had  been  elected  into  membership : 

Grade. 

Frederick  Y.  Parker.  St.  Louis,  Mo Active 

Clifford  W.  Ozias,  Strathmore,  Alberta,  Can Active 

Edward  J.  Gillen,  Chicago •. Associate 

Also  that  the  following  had  applied  for  membership  in  the  Society: 
Lathrop  A.  Bostwick,  Dansville,  N.  Y. ;  transfer  from  Associate. 
Roscoe  G.  Walter,  Madison,  W's. 
Louis  J.  Putnam,  Janesville,  Wis, 
Peter  ^I.  Louwerse.  Grand  Rapids,  Mich. 
Henry  J.  Hunt,  Madison,  Wis. 
Ralph   P.   Melendy,  Grand  Rapids,  ^lich. 
John  Hornbrook,  Chicago. 
A.  Lovell,  Chicago. 
E.  A.  Carter,  Chicago. 
■    F.  W.  Thomas.  Topeka.  Kans. 
R.  W.  Dull.  Aurora.  111. 

C.   W.    Shepherd.   Chicago;   transfer   from   Junior   Grade. 
A.  J.  Duncan,  Chicago. 
J.  W.  Barrie.  Chicago. 
R.  A.  Ekstrom.,  Chicago. 

Announcement  was  made  of  the  death,  August  30th,  1907,  of  I\Ir.  Nelson  A. 
Sager,  Chicago,  an  Active  member.  Mr.  Layfield  offered  a  resolution  that  a 
Committee  be  appointed  by  the  chair  to  prepare  a  memorial  of  Mr.  Sager, 
which  was  carried. 

The  President  made  a  short  address  on  this  the  first  meeting  of  the  fall  and 
winter  session — recounting  what  had  been  done  in  the  Society  and  the  aim  and 
des're  of  the  Board  of  Direction  for  the  benefit  of  the  Society,  the  preparation 
01  a  program  of  papers  for  the  meetings,  which  promised  some  good  papers 
and  wished  for  good  attendance  and  a  live  interest  in  the  meetings,  and  the 
papers  to  be  presented. 

The  President  then  introduced  Prof.  D.  W.  ^lead,  m.w.s.e..  who  presented 
his  paper  on  "Hydraulic  Engineering  at  the  University  of  Wisconsin."  This 
paper  having  been  printed  and  sent  out  in  advance  was  not  read,  but  a  sum- 
miry  was  given  with  lantern  slide  illustrations.  Discussion  followed  from 
Messrs.  Andrews  Allen,  H.  W.  Carter,  E.  E.  R.  Tratman,  J.  H.  Warder,  P. 
Junkersfeld.  O.  Strehlow,  with  a  closure  by  Prof.  D.  W.  Mead.  The  meeting 
adjourned  about  10:20  p.  m. 

EXTRA  MEETIXG,  September  18th,  1907. 
An   extra   meeting  of  the    Society    (No.   610),   was   held   in    the    Society 
Rooms,  Wednesday  evening,  September  i8th. 

The  meeting  was  called  to  order  about  8:20  p.  m.,  with  President  Abbott 
in  the  chair  and  about  35  members  and  guests  present. 

The  Secretary  announced  the  recent  deith  of  an  Active  member  of  the 
Society,  Mr.  John  C.  Darst,  which  occurred  September  5th,  1907.  A  resolu- 
tios  was  offered  and  passed  that  the  chair  appoint  a  committee  to  prepare  a 
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Memorial  of  the  late  Mr.  Darst.  There  being  no  other  business  to  bring- 
before  the  Society,  Mr.  Henry  Kreisinger,M.\v.s.E.,  was  introduced,  who  pre- 
sented the  paper 'written  by  Mr.  W.  T.  Ray  and  himself  on  "The  Nature  of 
True  Boiler  Efficiency."  The  paper  (in  major  part  as  submitted)  has  been 
printed  and  sent  out  in  advance. 

Discussion  followed  from  Messrs.  W.  L.  Abbott,  A.  Bement,  R.  H.  Kuss, 
E.  E.  Smith,  F.  J.  Bird  and  J.  H.  Hecht,  with  a  closure  by 'Mr.  Kreisinger. 

The  meeting  adjourned  about  10:20  p.  m. 

•      REGULAR  MEETING,  October  2d,   1907. 

A  Regular  Meeting  of  the  Society,  (No.  611),  was  held  Wednesday  even- 
ing, October  2d.  The  meeting  was  called  to  order  about  8:10  p.  m.,  with 
President  Abbott  in  the  chair  and  over  one  hundred  members  and  guests 
present.  The  minutes  of  the  meetings  held  September  4th  and  September  i8th 
were  read  and  approved. 

The  Secretary  reported  from  the  Board  of  Direction  the  election  into 
membership  of  the  following: 

Lathrop  A.  Bostwick,  Dansville,  N.  Y. ;  transferred  from 

Associate   to    Active 

Roscoe  G.  Walter,  Madison,  Wis Junior 

Louis  J.  Putnam,  Janesville,   Wis Active 

Peter  M.  Louwerse,  Grand  Rapids,  Mich Active 

Henry  J.  Hunt,  Madison,  Wis Junior 

R.  P.  Melendy,  Grand  Rapids,  Mich Active 

John   Hornbrook,   Chicago •  • Junior 

Alexander  G.   Duncan,   Chicago Associate 

Raymond  W.  Dull,  Aurora,  111 Active 

Also  that  applications  for  membership  in  the  society  had  been  received  from 
the  following: 

Otto   S.    Hansen,   Chicago Junior 

S.  L.  Pierce.  Chicago Junior 

Charles  K.  Mohler,  Chicago •  • •  • .  •  -Active 

Albert  J.  Schafmayer,  Chicago Junior 

Russel  J.   Mershon,   Chicago. Active 

J.  T.  Walbridge.  Chicago Junior 

Harold   K.    Weld.    Elgin,    111 Junior 

Charles  E.  B.  Rilliet,  Roosevelt,  Ariz Active 

F.    S.    Harvey,    Chicago Junior 

Charles   C.   Lemmon,   Elmhurst,   111 Junior 

James    R.    IvIacKnight,    Chicago Junior 

William  K.  Hatt,  Lafavette,  Ind Active 

John  W.  Kendrick,  Chicago Active 

Harold   G.    Macdonald,    Chicago Junior 

Victor  E.  EUstrom.  Evanston,  III ....  •. .Junior 

E.  W.  Block,  Chicago Active 

E.   A.  Carter,  Chicago Active 

The  Secretary  also  announced  that  certain  amendments  to  the  Constitution 
and  By-laws  had  been  prepared  and  had  been  considered  favorably  by  the  Board 
of  Direction,  and  were  recommended  by  them  to  the  Society;  that  the  amend- 
ments would  be  printed  and  sent  out  to  the  membership,  and  would  come  up. 
for  discussion  at  the  ne.xt  regular  meeting  to  be  held  November  6th. 

Announcement  was  made  of  the  death,  Sept.  i,  1907  of  Mr.  J.  A.  Lewis, 
an  Active  member  of  the  Society  since  December  21  st,  1S92,  the  information 
having  been  received  from  Mr.  Nathan  Lewis  of  Youngstown,  Ohio,  a  brother 
of  our  late  fellow  member. 

A  resolution  was  oflfered  by  Past-President  W.  H.  Finley  that  a  committee 
be  appointed  by  the  President  to  prepare  a  memorial  of  the  late  Mr.  Lewis. 

There  being  no  further  business  to  bring  before  the  Society,  the  Presi- 
dent, in  a  few  happy  words,  asked  Past-President  Finley  to  preside  over  the 
meeting,  as  he  was  better  informed  on  the  subject  of  the  evening.     Mr.  Fin- 
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ley.  on  accepting  the  Chair,  introduced  in  a  general  way  the  subject  for  dis- 
cussion as  being  a  consideration  of  certain  elements  of  bridge  design. 

Mr.  Horace  E.  Horton,  a  Past-President,  was  then  introduced,  who  read 
his  paper,  presenting  some  matter  bearing  on  the  design  of  open  or  latticed 
compression  members — -"E-xtension  of  Detail  Specifications  for  Structural 
Steel  Work  to  open  Compression  Members ;  the  Relation  and  Proportion  of 
Parts  forming  a  built  Channel  or  similar  construction ;  also  the  lattice  for  the 
same." 

Discussion  and  comment  followed  the  reading  of  the  paper  from  Messrs. 
A.  Reichmann,  T.  W.  Schaub,  O.  H.  Basquin,  C.  R.  Dart,  W.  C.  Armstrong, 
A.  von  Babo.  W.  L.  Abbott,  and  H.  F.  Moore. 

A  resolution  was  introduced  by  Mr.  Reichmann,  that  the  paper  by  Mr. 
Horton  be  printed  and  sent  out  to  the  members,  with  the  view  of  securing 
fuller  discussion  than  seemed  possible  from  listening  to  the  reading  of  the 
paper.     The  motion  was  carried. 

yir.  O.  P.  Chamberlain  offered  a  resolution  that  another  evening  be  set 
aside  by  the  proper  authorities  for  further  consideration  and  discussion  of 
the  subject  of  Mr.  Horton's  paper,  which  was  carried. 

The  meeting  adjourned  at  9:30  p.  m. 

EXTRA  MEETING,  October,  16,  1907. 

An  extra  meeting  of  the  Society  (No.  613)  was  held  Wednesday  evening, 
October  i6th.  1907.  The  meeting  was  called  to  order  about  8:15  p.  m.,  with 
Vice-President  Andrews  Allen  in  the  Chair  and  about  55  members  and  guests 
present.  There  was  no  business  to  bring  before  the  Society,  so  Prof.  F.  E. 
Turneaure.  M.  W.  S.  E.,  was  introduced,  who  presented  his  paper  on  "Ex- 
perimental Determination  of  Stresses  in  Web  Plates  and  Stiffeners  of  Plate 
Girders."  This  paper  had  been  printed  and  sent  out  in  advance  of  the  meet- 
ing. 

Discussion  followed  from  Messrs.  Andrews,  Allen,  J.  W.  Ludlow,  W.  K. 
Hatt,  W.  G.  Langenheim,  O.  H.  Basquin,  with  a  Closure  by  Prof.  Turneaure. 

The  meeting  adjourned  about  9:45  p.  m. 

J.  H.  Warder,  Secretary. 

MINUTES  OF  THE  ELECTRICAL  SECTION.  October  nth.  1907. 

A  regular  meeting  of  the  Electrical  Section  (No.  25),  being  an  extra 
meeting  of  the  Society  (No.  612)  was  held  Friday  evening,  October  nth. 

The  meeting  was  called  to  order  about  8:15  p.  m.,  by  Mr.  C.  A.  S.  Howlett. 
Chairman,  and  with  about  thirty-five  mem.hers  and  guests  present.  The  Min- 
utes of  the  24th  meeting  of  the  Section  held  April  12th  were  not  read,  but 
were  approved  as  printed  in  the  Journal. 

The  Chairman  made  a  few  remarks  relative  to  the  work  of  the  Electrical 
Section,  and  urged  upon  the  members  greater  activity  toward  building  up 
the  Section  in  numbers,  and  in  interest  by  securing  or  contributing  papers. 

Mr.  W.  H.  Crumb  was  then  introduced,  who  read  his  paper  on  "Telephone 
Rates  for  Large  Exchanges."  This  was  illustrated  by  a  series  of  lantern 
slides  of  charts  and  curves,  showing  growth  and  characteristics  of  "traffic" 
in  a  large  centre  like  Chicago. 

Discussion  followed  from  Messrs.  W.  F.  Burgess.  K.  B.  Miller,  C.  A.  S 
'Howlett,  E.  H.  Freeman,  A.  R.  Swoboda,  W.  A.  Fricke,  and  W.  H.  Crumb. 

The  meeting  adjourned  about  10:20  p.  m. 

EXTRA  MEETING.  ELECTRICAL  SECTION. 

An  extra  meeting  of  the  Electrical  Section  (No.  26)  and  of  the  Society 
(Xo.  614)  was  held  Friday  evening,  October  25,  1907. 

The  meeting  was  called  to  order  about  8 :2o  p.  m.  with  Vice-Chairman,  D. 
W.  Roper  in  the  Chair,  and  about  35  members  and  guests  present. 

There  was  no  business  to  be  brought  before  the  Section,  and  after  a  few 
words  of  welcome  and  explanation  from  the  Chair.  Prof.  Leon  Gerard,  of 
Belgium,  an  eminent  scientist  and  engineer,  was  introduced,  who  presented 
his  paper  on  "The  Use  of  Electricity  in  the  Purification  of  Water."    The  ad- 
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dress  was  illustrated  b}-  a  number  of  lantern  slide  views  and  seme  blackboard 
explanations. 

After  the  reading  of  the  paper  the  Chairman  invited  President/  Abbott  to 
conduct  the  discussion.  Before  proceeding  with  the  discussion,  Past  President 
O.  Chanute  proposed  a  vote  of  thanks  to  Prof.  Gerard  for  the  very  interesting, 
very  clear,  and  very  important  communication  he  has  presented  to  the  Society, 
which  was  unanimously  carried.. 

Some  discussion  followed,  mostly  in  the  form  of  questions,  from  Messrs 
Albert  Scheible,  L.  A.  Ferguson,  F.  Chauvet,  W.  E.  Williams,  and  Ernest 
McCullough.  these  questions  being  answered  by  Prof.  Gerard. 

The  meeting  adjourned  at  about  10:30  p.  m. 

J.  H.  Warder/ 
Secretary. 

Ji    CIRCULAR  LETTER  TO   OUR  MEMBERSHIP. 

October  3,  1907 
De.ar  Sir  :  Certain  amendments  to  the  Constitution  and  By-Laws  properly 
presented  in  writing,  with  the  necessary  signatures  of  active  members  of  the 
Society,  have  been  received.  These  were  announced  at  the  Regular  Meeting 
of  the  Society,  October  2,  1907,  and  are  now  sent  out  to  the  membership  for 
consideration.  At  the  next  Regular  Meeting  of  the  Society  to  be  held  Novem- 
ber 6th,  these  amendments  will  come  up  for  consideration  and  discussion,  and 
afterwards  to  be  voted  on  by  letter  ballot  during  November.  If  you  cannot 
b«  present  at  the  meeting  of  November  6th,  your  views  or  discussion  of  these 
matters  can  be  sent  to  the  Secretary  by  letter  and  will  be  presented  at  that 
meeting.  Very  respectfully  submitted, 

J.  H.  Warder, 

Secretary. 

AN  AMENDMENT  TO  THE  CONSTITUTION.  W.  S.  E. 

TO  BE   PRESENTED  AT   THE  REGULAR   MEETING,   NOVEMBER  6,   I907. 

The  undersigned,  active  members  of  the  Western   Society  of  Engineers, 
respectfully  offer  the  following  amendment  to  the  Constitution  of  this  Society : 
In  Article  III,  Section  4,  add  the  following  sentence : 

His  connection  with  this  Society  shall  cease  when  he  becomes  thirty  years 
of  age,  vmless  he  be  previously  transferred  to  another  grade,  or  vmless  the  time 
be  extended  by  action  of  the  Board  of  Direction.  This  extension  shall  in  no 
case  exceed  the  time  which  the  Junior  still  lacks  for  qualification  to  Active 
membership. 

Article  HI,  Section  4,  of  the  Constitution  will  then  read  as  follows : 
A  Junior  shall  be  not  less  than  eighteen  years  of  age  and  a  person  who  is 
not  eligible  as  an  Active  member.  He  shall  have  had  active  practice  in  some 
branch  of  engineering  for  at  least  two  years,  or  he  shall  have  graduated  from 
a  School  of  Engineering  of  recognized  standing.  His  connection  with  this 
Society  shall  cease  when  he  becomes  thirty  years  of  age,  unless  he  be  pre- 
viously transferred  to  another  grade,  or  unless  the  time  be  extended  by  action 
of  the  Board  of  Direction.  This  extension  shall  in  no  case  exceed  the  time 
which  the  Junior  still  lacks  for  qualification  to  Active  membership. 

(Signed), 
Ralph  Modjeski,  Edward  C.  Carter, 

BiON  J.  Arnold,  A.  Bement, 

C.  D.  Hill  G.  A.  M.  Liljencrantz, 

G.  M.  WisNER,  .  W.  C.  Armstrong, 

W.  L.  Abbott,  E.  N.  Layfield, 

W.  H.  FiNLEY,  John  Brunner, 

J.  W.  Schaub,  Charles  L.  Strobel. 
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AMENDMENTS  TO  TPIE  BV-LAWS.  W.  S.  E. 

TO   BE   PRESENTED  AT   THE    REGULAR    MEETING,   NOVEMBER  6,    I9O7. 

The  undersigned,  Active  memljtrs  of  the  Western  Society  of  Engineers, 
believing  that  certain  modifications  can  be  made  in  the  By-Laws  to  the  ad- 
vantage of  the  Society,  respectfully  offer  the  following  amendments : 

In  Article  III,  pertaining  to  "Duties  of  Officers  and  Committees,"  Section 
2,  fifth  paragraph,  (the  creation  of  Standing  Committees  of  the  Board  of  Di- 
rection) after  the  words  "Publication  Committee"  strike  out  the  remainder 
of  the  paragraph  and  substitute  the  following  words :  "A  Library  Committee 
snd  a  Committee  on  Amendments.  Each  of  these  Committees,  except  the 
Committee  on  Amendments,  shall  be  composed  of  three  Active  members  of 
the  Society,  at  least  one  of  whom  shall  be  a  member  of  the  Board  of  Direction. 
The  Committee  on  Amendments  sha^  be  composed  of  five  Active  members 
of  the  Society,  three  of  whom  shall  be  the  latest  Past-Presidents." 

The  fifth  paragraph  of  Section  2,  Article  III,  will  then  read  as  follows : 

The  Board  of  Direction  shall  meet  within  ten  days  after  the  Annual  Meet- 
ing and  shall  then  appoint  the  following  Committees :  A  Finance  Committee, 
a  Publication  Committee,  a  Library  Committee,  and  a  Committee  on  Amend- 
m.ents.  Each  of  these  Committees,  except  the  Committee  on  Amendments, 
shall  be  composed  of  three  Active  members  of  the  Society,  at  least  one  of 
whom  shall  be  a  member  of  the  Board  of  Direction.  The  Committee  on 
Amendments  shall  be  composed  of  five  Active  members  of  the  Society,  three 
of  whom  shall  be  the  three  latest  Past-Presidents. 

Also  amend  Article  III  by  adding  a  section  after  Section  7,  t.o  be  called 
Section  8,  as  follows : 

Section  8.  The  Committee  on  Amendments  shall  consider  amendments 
to  the  Constitution  and  By-Laws,  which  may  be  referred  to  it  by  the  Board 
of  Direction,  or  which  may  be  suggested  by  its  members,  and  shall  make  a 
report  at  such  time  as  will  allow  action  by  the  Society  during  the  current  year. 

Also  in  Article  IV,  "Admission  to  the  Society,"  amend  Section  4  as  follows : 
Strike  out  the  words,  "The  application  shall  be  signed  by  at  least  three  Active 
members  to  whom  the  applicant  is  personally  known,"  and  substitute  therefor, 
"The  applicant  shall  furnish  the  names  of  at  least  five  Active  members  to 
whom  he  is  personally  known.  Each  of  these  shall  be  requested  by  the  Secre- 
tary to  address  a  letter  to  the  Board  of  Direction,  on  a  form  prescribed  by  said 
Board,  stating  the  extent  of  the  writer's  personal  knowledge  of  the  applicant 
and  of  his  professional  work.  If  at  least  five  of  the  Active  members  named 
as  references  do  not  furnish  the  requisite  endorsements,  the  Secretary  shall 
call  upon  the  applicant  for  additional  names,  and  not  until  written  communi- 
cations shall  have  been  received  from  at  least  five  Active  members  shall  the 
application  be  considered  by  the  Board."  After  the  words,  "to  be  personally 
known  to"  strike  out  the  word  "three"  and  substitute  the  word  "five."  The 
entire  Section  4  will  then  read  as  follows : 

An  application  for  admission  to  the  Society  as  Active  member  or  Junior, 
or  for  transfer  from  Junior  to  Active  member,  shall  embody  a  concise  state- 
ment, with  dates,  of  the  candidate's  professional  training  and  experience,  and 
shall  be  in  a  form,  and  in  such  detail  as  may  be  prescribed  by  the  Board  of 
Direction.  It  shall  be  signed  by  the  applicant,  and  shall  contain  a  promise  to 
conform  to  the  requirements  of  membership,  if  elected,  and  shall  be  accom- 
panied by  a  deposit  of  five  dollars  to  be  applied  on  entrance  fee  if  applicant 
be  elected,  or  refunded  to  him  if  not  elected.  The  applicant  shall  furnish  the 
names  of  at  least  five  Active  members  to  whom  he  is  personally  known.  Each 
of  these  shall  be  requested  by.  the  Secretary  to  address  a  letter  to  the  Board 
of  Direction,  on  a  form  .prescribed  by  said  Board,  stating  the  extent  of  the 


706  Book  Reviews. 

writer's  personal  knowledge  of  the  applicant  and  of  his  professional  work. 
If  at  least  five  of  the  Active  members  named  as  references  do  not  furnish  the 
requisite  endorsements,  the  Secretary  shal^  call  upon  the  applicant  for  addi- 
tional names,  and  not  until  written  communications  shall  have  been  received 
from  at  least  five  Active  members  shall  the  application  be  considered  by  the 
Board.  Applications  of  Engineers  who  may  be  so  s'tuated  as  not  to  be  per- 
sonally known  to  five  Active  members  may  be  recommended  for  membership 
by  three  members  of  the  Board  of  Direction,  after  having  secured  evidence 
sufficient  in  their  opinion,  to  show  that  the  applicant  is  worthy  of  admission. 

Also  amend  Article  VI,  Section  i.  of  the  By-Laws  by  striking  out  every- 
thing after  the  words  "transfer  to  another  grade."  This  will  then  be  as 
tollows : 

Article  VI,  Section  i.  An  entrance  fee  of  twelve  dollars  and  fifty  cents 
($12.50)  shall  be  payable  on  admission  to  the  Society  by  an  Active  member 
or  Associate;  and  five  dollars'  ($5-00)  by  a  Junior;  this  sum  to  be  credited 
against  his  entrance  fee  at  the  time  of  his  transfer  to  another  grade. 
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Shaft-Sinkixc;  Under   Difficult   Conditions:    By   J.   Riemer.     Translated 

from  the  German  by  C.  R.  Corning  and  Robert  Peele.  6  by  9  ins. ;  174  pages 

and  index,  with  18  engravings  and  19  folding  plates.     John  Wiley  &  Sons. 

New  York.     1907.     Cloth  bound.     Price  $3.00. 

Messrs.  Corning  and  Peele  have  done  a  great  service  for  those  engineers 
in  this  country  that  are  called  upon  to  sink  shafts  in  water-bearing  ground, 
by  their  recent  translation  of  the  book  of  the  eminent  German  shaft-sinking 
engineer,  J.  Riemer  of  Dusseldorf. 

As  pointed  out  by  the  translators  in  their  preface,  there  is  no  exact  parallel 
in  this  country  to  the  ecological  formation  found  through  -considerable  areas 
in  northern  Tlurope,  and  which  were  encountered  in  sinking  many  of  the  shafts 
described  in  this  bo'ok.  While  in  this  country  we  have  large  areas  covered 
with  heavy  glacial  drift,  like  that  found  in  Europe,  and  in  places  to  great 
depths — 350  to  4C0  feet — as  in  parts  of  Bureau  County,  Illinois,  we  have  nothing 
akin,  except  posssibly  along  the  gulf  coast,  to  the  great  thicknesses  of  gypsum. 
marls,  and  other  porous  but  semi-solidified  sediments  saturated  by  water  and 
which  are  found  in  parts  of  northern  Europe  to  depths  of  1200  feet  or  more. 

Nevertheless,  the  lessons  to  be  learned  from  the  experiences  recorded,  the 
set-backs  and  evolution  of  ingenious  contrivances  leading  to  success  in  sinking 
shafts  through  such  difficult  ground,  will  be  of  great  value  not  only  to  mining 
engineers  but  to  other  engineers  engaged  in  bridge  foundations  and  in  tunnel 
work.  Such  work  frequently  reaches  the  limit  of  depth  of  the  widely  used 
and  comparatively  simple  pneumatic  caisson  method.  This  book  describes 
the  systems  which  have  proven  successful  below  the  pneumatic  limit  and 
under  the  most  severe  conditions.  These  are  grouped  under  four  heads : 
Shaft-sinking  by  hand;  Shaft-sinking  by  boring;  The  Freezing  Process;  Drop 
Shafts. 

The  first  method  is  naturally  the  simplest,  although  the  author  cites  several 
difficult  shafts,  as  for  example  the  Wintershall  shaft  in  Thuringia,  in  which 
a  flow  of  1584  gallons  per  minute  was  handled,  and  the  shaft  sunk  to  846  feet 
to  where  the  water  was  shut  off  by  the  iron  lining.      • 
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'"The  method  of  sinking  an  entire  shaft  in  a  single  boring,  carried  on 
under  water,  was  first  introduced  by  Kind."  It  is  a  method  similar  to  boring 
wells  with  strings  of  tools,  except  that  in  the  improved  method  a  small  ad- 
vance boring  is  made,  and  then  followed  up  by  a  cutting  tool  of  the  shaft  diam- 
eter and  sloped  toward  the  center.  In  one  instance  the  small  cutter  or  "trepan"' 
weighed  ii  tons,  and  the  large  one  26  tons.  An  engine  actuating  a  walking 
beam  raises  the  tools  to  drop  the  same  as  in  an  oil  well  drilling  outfit.  A 
"sludger"  from  time  to  time  takes  out  the  drillings.  A  large  hoisting  engine 
is  required  to  lift  the  tools  to  the  surface,  and  everything  has  to  be  on  a  most 
massive  scale.  The  lining  is  of  cast  iron  rings,  sometimes  several  inches  thick, 
and  sometimes  weighing  4000  tons. 

In  view  of  the  hap-hazard  way  in  which  many  mining  companies  undertake 
somewhat  troublesome  shaft  sinking  in  this  country,  it  is  of  great  interest 
to  read  of  the  care  with  which  all  the  details  are  worked  out  in  advance  by 
Reimer  and  his  asssociates,  and  the  patience  and  perseverance  with  which 
obstacles  are  met.  diagnosed  and  overcome. 

A  list  of  79  shafts  sunk  by  this  method,  called  the  Kind-Chaudron  System, 
from  1852  to  1904  is  given;  some  of  these  range  up  to  1200  feet  in  depth. 

The  Freezing  Process  is  better  known  in  this  country  through  a  compila- 
tion of  records  published  a  few  years  smce  in  the  Transactions  of  the  American 
Society  of  Civil  Engineers.  Unfortunately  we  have  had  only  one  successsful 
application — the  "Chapin  Shaft"'  in  Michigan  of  comparatively  shallow  depth — 
out  of  64  examples  tabulated  from  1883  to  1904.  The  deepest  of  the  shafts 
sunk  by  the  freezing  process  was  nearlj'  700  feet  deep,  and  still  sinking  in 
1904;  but  the  majority  are  r'elatively  shallow.  Clearly  the  function  of  this 
process  is  to  sink  through  unstable  ground  like  real  quicksand,  for  which 
both  the  boring  and  the  hand  sinking  methods  are  inapplicable. 

In  the  latter  field  the  drop-shaft  method  competes,  and,  as  pointed  out,  is 
the  oldest  method  in  use.  Though  in  its  earlier  application  the  excavation 
was  done  by  hand,  the  author  does  not  take  up  the  discussion  of  this,  but 
passes  to  the  modern  method  of  excavating  under  water  by  means  of  the  sack- 
borer,  clam-shell  buckets  and  water-jetting  apparataus,  and  the  discussion  of 
the  methods  for  lining  the  shafts  under  water,  and  the  forcing  of  the  same 
down  with  hydraulic-jack  apparatus. 

Enormous  diflficulties  were  encountered  in  the  earlier  shafts;  Rheinpreussen 
No.  I  took  20  years  and  No.  2,  13  years  to  sink.  On  the  other  hand,  later 
improvements  allowed  No.  3  to  be  sunk  between  1892  and  1895,  and  No.  4 
was  finished  in  1903  in  two  years.  These  shafts  had  to  go  about  500  feet  to 
reach  solid  carboniferous  strata,  ^though  all  of  this  depth  was  not  in  loose 
sands  or  clays. 

The  author  does  not  touch  on  the  method  of  a  moveable  advance  shoe  or 
shield,  which  has  been  used  with  more  or  less  success  in  sinking  mining  shafts 
in  this  countrj'.  but  this  system,  while  applicable  in  relatively  shallow  work, 
would  not  do  for  the  heavy  work  required  abroad.  Among  the  most  valuable 
features  of  the  book  are  the  photographic  illustrations  and  the  detail  sections 
of  typical  shafts  and  views  of  the  sinking  apparatus.  G.  S.  R. 

Steam   Boilers  axd  Supplementary  Appliances  :     A  practical  treatise  on 

their  construction,  equipment  and  working,  hv  William  H.  Fowler,  Mem. 

Inst.  Civil  Engineers,  London,  etc.     5'/^  by  8'/2  ins.     Cloth  bound.     Price 

I2S  6d  net.     Scientific  Publishing  Co..  Manchester,  Eng. 

This  is  a  well  printed  and  illustrated  volume  of  619  pages  with  572  en- 
gravings, purporting  to  treat  the  subject  from  a  modern  and  advanced  stand- 
point, which  it  fails  however,  to  do,  for  two  reasons. 

First,  the  examples  of  boilers  and-  associated  apparatus  which  are  shown 
and  described,  are  almost  all  European  types,  more  particularly  English. 

Second,  there  has  been  but  little  account  taken  of  new  developments  in 
apparatus  and  methods  of  operation. 

One  would  expect  a  new  book  to  notice  for  example  those  improvements 
made  in  boilers,  which  have  tended  to  increase  efficiency,  such  as  involved  in 
gas  baffling  and  furnace  construction.    It  is  also  to  be  regretted  that  the  matter 
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of  smokeless  furnaces  should  have  received  only  indifferent  Ireatment.  as  it 
would  have  been  possible  to  present  a  most  satisfactory  chapter  on  this  im- 
portant feature  of  boiler  practice.  The  volume,  however,  is  an  excellent  treatise 
on  English  practice,  and  as  such  will  be  of  value  to  American  readers,  and 
should  be  in  the  library  of  every  mechanical  engineer.  •  A.  B. 

The  Design  of  Walls,  Bins  anu  Grain  Elevators:  By  Milo  S.  Ketchum, 
C.  E.,  University  of  Colorado,  Engineering  News  Pub.  Co.,  New  York, 
1907.  6><  b}-  9  ins.  pp.  394,  including  5  pages  of  index  ;  40  tables ;  260  il- 
lustrations and  2  folding  plates.     Cloth.     Price  $4.00. 

This  is  another  valuable  contribution  to  engineering  literature  from  the 
pen  of  the  Dean  of  the  College  of  Engineering,  University  of  Colorado,  and 
like  other  of  his  books  is  worthy  of  consideration. 

The  subject  of  retaining  walls — their  stability  to  withstand  over-turning 
or  sliding — is  of  consequence  to  many  engineers.  Practice  has  shown  that 
certain  empirical  rules  give  fairly  satisfactory  results;  but  to  an  intelligent  en- 
gineer, such  a  "rule  of  thumb"  is  not  satisfying  and  ho  looks  about  for  an  ana- 
lytical discussion  of  the  principles  governing  stability  under  various  conditions. 
Some  of  us  remember  our  studies  of  Weisbach  and  Rankine,  and  their  theories 
with  that  of  other  investigators  is  stated  in  Part  I  of  this  book,  which,  with 
numerous  graphical  illustrations  and  tables,  occupies  over  40  pages  and  consti- 
tutes the  matter  of  the  first  three  chapters.  Chapter  IV  takes  up  the  subject 
of  Reinforced  Concrete  and  its  application  to  retaining  walls,  and  the  following 
chapters  describe  various  experiments  and  investigations  to  fix  the  matter  of 
pressure,  etc.,  against  such  walls.  Chapter  VI  and  VII,  with  many  excellent 
illustrations  and  tables,  gives  examples  of  various  types  and  construction  of 
retaining  walls  and  their  cost.  This  part  alone  would  make  the  book  of  con- 
siderable value  to  practicing  engineers. 

Part  II  considers  the  matter  of  Bins  which  are  built  to  hold  material  of  a 
more  or  less  granular  structure — as  coal,  ore,  sand,  grain,  etc. — and  which 
may  be  of  metal,  wood  or  concrete.  There  is  an  analogy  of  the  forces  within  a 
retaining  bin  and  those  met  with  in  the  case  of  a  retaining  wall,  that  makes 
this  order  of  sequence  a  logical  one. 

In  Chapter  IX,  of  some  38  pages,  is  given  an  analysis,  with  diagrams  and 
tables  of  stresses  in  various  shaped  bins  and  for  different  materials,  that  seems 
to  be  very  complete.  The  design  of  bins  with  constructional  details,  whether 
of  plate  metal,  timber  or  concrete,  forms  the  substance  of  Chapters  XI  and 
XII,  while  the  next  chapter  considers  the  subject  of  costs.  The  consideration 
of  strength  and  construction  of  bins  is  very  properly  followed  by  Chapter 
XIV  on  methods  of  handling  materials  into  and  out  of  the  bins.  Grain  bins 
are  of  a  specialized  type,  and  the  principles  which  have  been  laid  down  re- 
lating to  design  and  construction  are  necessarily  somewhat  modified  to  suit 
the  character  of  the  material  to  be  contained  and  the  conditions  of  use. 

Part  III  of  this  book  relates  more  particularly  to  Grain  Bins,  with  Types, 
in  Chapter  XV;  Stresses,  in  Chapter  XVI;  while  Chapter  XVII  records  in 
detail  many  interesting  experiments  to  determine  the  pressure  of  grain  in 
deep  bins.  The  "Design  of  Grain  Bins  and  Elevators"  with  examples  of  con- 
struction, introducing  many  desirable  illustrations,  constitutes  Chapters  XVIII 
and  XIX. 

Valuable  appendices  relating  to  masonr\'  terms  and  specifications,  and  to 
steel  structure  specifications  for  material  and  workmanship,  complete  this  valu- 
able work. 

Chemical  Reagents  ;  their  Purity  and  Tests :     By  E.   Merck.     Authorized 
translation  by  Henry  Schenck,  A.  .B.   (Harvard).     D.  Van  Nostrand  Co., 
New  York.    Cloth ;  6  by  9  ins. ;  pp.  250,  including  index.     Price  $1.50  net. 
That  eminent  chem.i.st.  Dr.  C.  Krauch  of  Germany,  nearly  forty  years  ago 
found  the  need  of  a  book  on  Chemical  Reagents  and  l)egan  the  work  of  col- 
lecting the  material  for  the  same.     It  was  his  aim  to  fix  uniform  standards 
of  purity  for  the  chemicals  used  in  analytical  work.     It  was  not  until  about  20 
years  ago  (in  1S88)  that  this  book,  "Die  Prufung  der  Chemischen  Reagentien 
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auf  Reinheit,"  was  published.  Three  years  later  a  second,  revised  and  en- 
larged edition  appeared,  and  in  1896  the  third  and  a  still  further  enlarged 
edition  was  published.  Yet  further  advances  in  chemical  knowledge,  and  the 
practices  of  the  analyst,  led  Mr.  E.  Merck  to  give  further  revision  to  the 
previous  works  of  Dr.  Krauch,  which  book  wa^  published  in  Germany  in  1905. 
This  forms  the  basis  of  the  English  translation  noted  above  and  which  has 
the  sanction  and  approval  of  the  original  author. 

The  book  is  well  printed  with  clear  topography,  on  good  paper  and  the  ar- 
rangement of  subjects  is  such,  that  the  article  or  reagent  under  consideration 
can  be  readily  found  and  referred  to.  This  makes  the  book  that  much  mose 
valuable  to  the  student  in  chemistry,  who  should  be  able  and  willing  to  test 
for  purity,  at  frequent  intervals,  the  reagents  that  are  being  used. 

A  more  careful  following  of  such  practice  on  the  part  of  the  analytical 
chemists  v.ould  probably  lesssen  the  wide  divergence  of  results  among  chemists 
in  their  analyses  of  the  same  material,  which  has  been  too  frequently  the  cause 
of  criticism  and  disparagement  of  chemical  analyses.  W. 

Fowler's  Mechanical  Engineers'  Pocket  Book,  1908:     Edited  by  William 

H.  Fowler,  M.  E.  Tenth  annual  edition,  revised  and  enlarged.  Scientific 
.-ublishing  Co.,  Manchester,  Eng.     Leather;  gilt  edges;  4  by  6  ins.     Price 

25.  6d. 

A  copy  of  a  preceding  edition  of  this  work  was  received  and  placed  in  the 
Librarj'  of  this  Society,  but  this  edition  has  been  enlarged  and  improved,  con- 
taining some  670  odd  pages  and  an  extended  index.  The  subjects  are  classi- 
fied, and  between  each  there  are  a  few  pages  of  blank  paper  for  notes  by  the 
owner  of  the  book,  based  on  his  own  experience,  etc. 

The  first  section  is  r^Iiscellaneous  Tables  and  Formulae,  such  as  would 
naturally  be  put  in  such  a  book  as  this,  intended  for  ready  reference  by  the 
Mechanical  Engineer.. 

Then  comes  a  section  on  Steam  Boilers  and  Fittings,  with  specifications  for 
materials  to  be  used,  including  the  (English)  Board  of  Trade  rules. 

A  chapter  on  Types  of  Boilers,  with  proportions  of  parts,  etc.,  is  valuable 
for  reference,  and  also  what  is  noted  as  Fittings. 

A  section  on  Fuels  and  Combustion  follows  this,  which  contains  much  of 
value,  including  as  it  does  tables  of  calorific  power,  (C.  P.)  of  various  com- 
bustibles, and  the  management  of  the  furnace  as  an  adjunct  to  the  boiler. 

Steam  Engines  is  the  subject  of  the  next  section,  with  various  tables  and 
formulae  for  the  proportioning  of  parts,  etc.,  and  including  tables  of  data  of 
existing  engines. 

Steam  Turbines  naturally  follows  the  subject  of  engines,  the  various  de- 
signs of  the  machines  being  explained. 

Locomotives  is  the  subject  of  the  next  section,  wlijch  contains  tables  of 
dimensions  as  well  as  sizes  of  English  and  American  locomotives. 

That  mystical  subject  "Entropy"'  is  the  subject  of  the  next  section  of  26 
pages,  with  numerous  graphical  diagrams  and  some  tables.  Then  comes  a 
section  on  Steam  Tables,  how  they  are  formed,  and  their  use. 

Valves  and  valve  gears  is  the  next  subject,  and  occupies  some  >_>  pages,  with 
various  cuts,  diagrams  and  tables. 

Following  the  subject  of  Steam,  naturally  comes  Gas  Engines,  with  dia- 
grams, equations  and  formulae  for  proportions,  etc. 

Gases  of  various  kinds  of  a  combustible  character  for  use  in  Gas  Engines, 
logically  follows  in  the  next  section,  and  Oil  Engines — a  subdivision  of  the 
preceding — follows. 

The  subject  of  Hydraulics  is  of  interest  to  Mechanical  Engineers,  which 
includes  the  subject  of  pumps,  sizes  and  proportions  of  parts,  etc.,  with  details. 

Gearing  and  Lubrication  is  an  important  subject,  to  which  is  given  22 
pages  of  valuable  data.  Following  this  is  a  section  on  ropes  and  chains,  under 
the  heading — Ropes  and   Hoisting   Machinery. 

Mining  Machinery  and  Appliances  is  not  overlooked,  and  then  comes  the 
subject  of  Metallurgy  of  Iron  and  Steel,  and  Strength  of  Metals  and  Alloys. 
There  is  also  a  section  on  Beams  and  Pillars,  and  another  on  Springs,  followed 


710  Book  Reviezvs. 

by   an   elementary    chapter    on    Chemistry,    and   another   on    Ventilation    and 
Heating. 

The  book  should  be  of  considerable  value  to  engineers  and  draughtsmen, 
but  will  hardly  take  the  place  of  some  of  our  own  American  books  for  use  in 
this  countr}-,  but  it  is  valuable  for  reference  and  comparison.  W. 

Specifications  for  Street  Roadway  Pavements  :     S.  Whinery,  M.  Am.  Soc. 

C.  E.     The  Engineering  News  Publishing  Co.,  New  York.     Pamphlet.     6 

by  9  ins. ;  pp.  56.  Price,  50  cents. 
'  The  table  of  Contents  gives  a  good  understanding  of  this  valuable  book 
by  the  author  of  another  desirable  book  for  engineers  and  municipal  officers, 
"Municipal  Public  Works"  (Macmillan;  New  York).  An  Introductory  of 
eight  pages  is  very  readable,  relating  as  it  does  to  the  value  and  theory  of 
specifications,  that  the}'  should  be  full  and  complete  and  be  enforced,  etc.  Then 
comes  specifications  more  in  detail,  describing  the  work,  provisions,  inspection, 
general  and  specific  provisions,  extra  work,  preparing  the  sub-grade,  etc. 

Foundations  follow,  of  Concrete,  Old  Paving  Stone  and  of  Broken  Stone, 
Bituminious  Pavements  of  the  several  kinds  follows  a  classification  of  Asphalt 
and  its  alternates — Petroleum  Residuum,  Sand,  Pulverized  Stone,  etc. ;  also 
Asphalt  Cement  Surface  Mixtures,  and  Base  Course,  etc.,  etc.  The  next 
sub-division  is  Granite,  Brick  and  Wood-Block  Pavements  and  a  couple  of 
pages  of  general  instructions,  including  Specifications  for  Experimental  or 
Untried  Pavements,  so  drawn  up  as  to  protect  the  city  and  tax  payers  from 
extra  costs  for  the  benefit  of  the  promoter. 

The  author  has  had  many  years'  experience  in  various  lines  of  engineering 
work,  and  in  this  little  book  he  has  laid  down  rules  for  the  obtaining  of  good 
results  under  a  great  variety  of  conditions.  It  is  well  worth  the  price  to  those 
concerned  in  the  construction  of  streets  and  highways.  W. 

AMONG  THE  EXCHANGES. 

Putnam's  Monthly:  In  the  December,  1906.  Journal  W.  S.  E..  there  is 
a  reading  notice  of  the  new  periodicals  "Putnam's  Monthly,"  published  by  G.  P. 
Putnam's  Sons,  New  York.  N.  Y.  (this  being  a  revival  of  the  old  "Putnam's" 
which  began  in  1853,  but  whose  publication  was  suspended  in  about  i860  on 
account  of  the  panic).  Mention  is  made  of  some  of  the  most  important  articles 
that  appeared  in  the  first  three  numbers  issued — October,  November  and  De- 
cember, 1906.  The  magazine  is  now  just  a  year  old  f.nd  has  been  published 
regularly  each  month.  The  high  literary  character  of  the  earlier  articles  has 
been  continued  throughout  the  current  year,  and  doubtless  the  magazine  will 
receive  the  attention  which  its  merit  deserves.  A  compete  file  can  be  seen  in 
the  library  of  this  Society. 

Besides  a  large  list  of  engirieering  periodicals,  the  library  is  favored  with 
other  well-known  literary  magazines  as.  The  Outlook,  Literary  Digest,  Scien- 
tific American.  Open  Court.  Monist,  Journal  of  Geology,  Journal  of  Sociology 
(these  two  being  published  by  the  University  of  Chicago),  Popular  Science 
Monthly,  Annals  American  Academy  of  Social  and  Political  Sciences,  Bulletin, 
American  Geographical  Society  Technical  Literature,  etc.,  etc.  C. 

TRADE  PUBLICATIONS. 

Structural    Steel:    Cambria    Steel    Co..    Philadelphia.      1907.      Handbook; 

flexible  leather;  4V2  by  7  ins.;  pp.  468.    Prxe.  Sr.oo. 

This  is  a  valuable  handbook  of  information  relating  to  structural  steel  manu- 
factured by  the  Cambria  Steel  Co..  containing  useful  tables,  rules,  data  and 
formulae  for  the  use  of  Engineers,  Architects,  Builders  and  Meclianics. 

Scraper  Bucket  Excavator:  Page  &  Shnable.  Security  Bldg.,  Chicago.    Cata- 
logue No.  i;  paper  6  by  9  ins.,  pp.  37;  illustrated. 

This  catalogue  describes  briefly,  with  illustrations,  a  few  Page  Scjaper- 
Bucket  Excavators,  as  manufactured  by  Page  &  Shnable.  They  are  easily 
handled  and  experience  has  shown  their  adaptability  to  a  variety  of  work. 
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Safety  Valves:  Crosby  Steam  Gage  &  Valve  Co.,  Boston.    Catalogue;  paper; 

4^  by  8  ins. ;  pp.  25 ;  illustrated. 

ibis  pamphlet  gives  "Hints  on  Safety  Valves  for  Steam  Boilers."  As 
manufactured  by  the  Crosby  Steam  Gage  &  Valve  Co.  the  valves  are  divided 
into  two  classes:  (t)  where  the  valve  proper  is  a  disc  upon  which  sttam  acts 
when  the  valve  is  closed;  (2)  where  the  valve  proper  is  a  disc  provided  with 
an  additional  area  as  a  part  of  it,  unexposed  to  the  steam  when  the  valve  is 
closed,  and  acted  upon  when  the  valve  is  open.  The  following  headings  may 
give  the  reader  a  fair  idea  of  the  contents:  Safety  Valves;  Pop  Safety  Valves; 
Ordinary  Pop  Safety  Valves;  Regulation  of  the  Lift  of  the  Valve;  Annular 
Pop  Safety  Valves ;  Valve  Discs  and  Guides ;  Protection  of  Springs  and  Disc 
from  Steam;  Nature  of  the  Helical  Spring;  Attachment  of  the  Pop  Safety 
Valve  to  a  Steam  Boiler,  etc. 

This  publication  should  be  of  interest  to  those  connected  in  any  way  with 
steam  plants. 

Elevating,  Conveying  and  Power  Transmission  Machinery:  Chain  Belt 
Co.,  Milwaukee.  General  Catalogue  No.  35.  Cloth;  6  by  9  ins.  pp.  287; 
fully  illustrated  and  indexed. 

The  Chain  Belt  Co.  are  manufacturers  of  elevating,  conveying  and  powe! 
transmitting  machinery  for  handling  packages,  cakes  of  ice.  "Chute"  boats 
ashes,  hides,  railway  splice  bars,  fertilizer,  coal,  sand,  etc.,  etc.  Water  eleva- 
tors for  irrigation,  drainage  and  pumping  purposes,  are  also  described  and 
illustrated.  There  are  some  20  pages  of  photographs  of  plants  already  installed 
showing  a  great  variety  of  applications. 

Elevating.  Conveying  and  Power  Transmission  Machinery:     The  Jeflfery 
Mfg.  Co.,  Columbus,  Ohio.     Catalogue  6g-A;  paper;  6  by  9  ins.;  pp.  56; 
fully  illustrated. 
This  catalogue  shows  standard  and  special  devices  for  handling  Bone  Ash, 

Coal,  Trap  Rock,  Chemicals,  Clays,  Coke.  Plaster,  Slate,  Marble,  Ores.  Quartz, 

Carbon,  Sand,  Portland  Cement  Clinker,  etc.,  etc. 

Co.\L  Shovels  :     Sarco  Fuel  Saving  and  Engineering  Co.,  New  York.     Cata- 
logue; paper;  6  by  9  ins.,  pp.  16;  illustrated. 
Th-s  n^rnph'et  illustrates  and  describes  the  Caldwell  .Automatic  Mechanical 

Coal  Shovel  manufactured  by  the  Sarco  Fuel  Saving  and  Engineering  Co. 
The  first  few  pages  treat  of  Stoker  Failures;  Stoker  and  Grate  Separate; 

Manual  Attention ;  Care  of  .Ashes ;  Burnouts  and  Repairs.     There  is  also  "A 

Chapter  on  Smoke  and  its  Remedy." 

Reinforced  Concrete  :    Trussed  Concrete  St^el  Co.,  Detroit.    Two  Catalogues ; 
paper;  5  by  8  ins.;  fully  illustrated. 
One  of  these  catalogues,  part  two.  treats  of  the  Kahn  System  of  reinforced 
concrete  as  applied  to  mills  and  factories.    The  other,  part  seven,  treats  of  the 
same  system  as  applied  to  bridges  and  viaducts. 

Iron  and  Steel  Plates  :  Flanged  and  Pressed  Work.  etc. — Glasgow  Iron  Co., 
Pottstown,  Pa.  Cloth ;  s^A  by  7  ins.,  pp.  91 ;  fully  illustrated. 
The  first  twelve  pages  are  devoted  to  standard  specifications  of  the  Asso- 
ciation of  American  Steel  Mfrs.  with  respect  to  structural  steel;  following 
this  are  forty  odd  pages  with  tables  of  dimensions,  weights,  etc.,  of  rolled 
plates,  bars,  etc.,  the  remainder  of  the  book  of  flanged  press  work,  etc.,  such 
as  boiler  heads,  manholes  and  covers,  lugs,  flanges,  etc.  The  illustrations  show, 
by  beautiful  halftone  cuts,  these  articles  in  a  great  variety  of  form  and  size. 

The  book  is  handsomely  printed  and  is  a  handy  one  for  the  desk  of  the 
engineer  concerned  in  the  design  of  boilers,  tanks,  etc. 

Diamond  Core  Drill:     Sullivan  Machinery  Co..  Railway  Exchange,  Chicago. 

Catalogue  No.  55;  paper;  6  by  9  ins.;  pp.  157;  illustrated. 

Many  drills  for  different  classes  of  work  are  described  and  illustrated. 
The  introduction  calls  attention  to  the  fact  that  in  this  volume  two  objects  have 
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ijeen  kept  in  view  :  First,  to  give  a  proper  idea  of  the  theoretical  and  practical 
advantages  of  prospecting  mineral  lands  with  the  diamond  core  drill;  and 
second,  to  gather  under  one  cover  all  the  information  necessary  to  the  selec- 
tion of  a  suitable  drilling  outfit,  its  purchase,  use  and  maintenance. 

Rockwell  Appliaxces  :     Rockwell  Engineering  Co.,  New  York.     Pamphlets. 

6  bv  9  ins. 

Six  little  pamphlets  have  been  received  from  the  Rockwell  Co.,  devoted  to 
the  following  subjects:  Fuel  Oil  Burning  Appliances;  Heating  Machines  for 
annealing,  hardening,  tempering,  coloring,  etc. ;  Brazing  Furnaces ;  Flue  Weld- 
ing Furnaces ;  Rivet  Heating  Furnaces ;  Pot  Furnaces  for  lead  and  cyanide 
hardening  and  for  melting  soft  metals  :  and  Double  Chamber  Metal  kicking 
Furnaces,  for  copper,  brass,  bronze,  aluminum,  iron  and  steel,  etc. 

Coal  Crushers  :  The  Williams  Patent  Crusher  and  Pulverizer  Co.,  St.  Louis, 
Mo.  Also  545  Old  Colony  Bldg.,  Chicago.  Catalogue;  paper;  6^  by  9 
ins.;  pp.  58;  illustrated. 

The  first  thirty  pages  are  given  to  description  and  illustration  of  the  Wil- 
liams Coal  Crusher;  following  this,  there  are  some  twenty  pages  of  coal 
crusher  testimonials,  a  list  of  patents,  etc.  This  catalogue  bears  the  date  of 
1906.  The  1904  catalogue  refers  to  crushers  and  pulverizers  for  a  number  of 
different  purposes,  such  as  ore,  stone,  bone,  clay,  etc. 

"Coaling  in  a  Seaway  :""    Lidgerwood  Mfg.  Co.,  New  York.  1907.    Catalogue; 

stiff  paper  cover  8J/4  x  11  ins.;  pp.  48;  handsomely  illustrated. 

This  pamphlet  contains  numerous  illustrations,  from  photographs,  of  the 
'"Lidgerwood-Miller  Marine  Cableway"  method  of  coaling  at  sea.  The  coal 
is  transported  from  one  boat  to  another  in  bags  by  means  of  a  Main  Cable,  a 
Tensioning  Device,  a  Load  Carriage,  Traversing  Ropes,  Two  Ships  Winches, 
and  Lowering  and  Controlling  Devices.  This  apparatus  "is  the  outcome  of  nine 
years'  development  through  the  experience  gained  by  the  seat  trials  of  the 
United  States  Navy,  the  British  Admiralty,  the  Russian  Admiralty  and  the 
Royal  Italian  navy." 

"Navy   Bulletin.    No.    22:"      Cutler-Hammer    Mfg.    Co.,    Milwaukee.      1907. 

Catalogue;  paper;  5x8  ins.;  pp.  48;  illustrated. 

This  little  booklet  is  designed  for  use  of  those  selling  electric  motors  or 
motor-driven  machinery  to  the  Navy  Department,  and  contains  full  descrip- 
tions, illustrations,  dimension  diagrams  and  shipping  weights  on  starting  panels, 
speed  regulating  panels,  machine  tool  controllers,  resistances,  circuit  breaker 
panels,  etc.  It  also  explains  how  to  select  the  proper  piece  of  apparatus  in 
each  case. 

Dictionary  of  Electric  Railway  Material:     Street  Railway  Journal,  New 

York.     Pamphlet,  6x9  ins. ;  pp.  169,  including  index. 

This  Dictionary-,  dated  1907.  is  the  third  annual  edition,  and  is  a  handy 
guide  for  buyers  of  electric  railway  equipment  and  supplies.  It  contains  brief 
descriptions  of  a  large  number  of  the  principal  types  of  apparatus  and  supplies 
manufactured  in  the  United  States  and  information  regarding  leading  dealers, 
engineers,  contractors,  financial  institutions,  etc.,  doing  business  with  street 
and  interurban  railway  companies.  There  are  three  main  divisions  under  the 
headings,  "Manufacturers."  "Dealers."  and  "Financial,  Professional,  etc." 

Valves  and  Fittings  for  .\mmonia:    Crane  Company.  Chicago.     1907.    Cati- 

logue.     Flexible    leather ;   4   x   6%    in. ;    pp.    125 ;    including   index ;    many 

illustrations. 

The  Crane  Co.  states  that  the  valves  and  fittings  illustrated  in  this  catalogue 
(with  the  exception  of  malleable  iron  screw  fittings)  are  an  entirely  new 
line  and  were  designed  in  accordance  with  the  most  approved  engineering 
practic  as  to  standards,  interchangeabilitv  of  parts,  proportions,  thickness  of 
metal,  etc.,  no  attempt  being  made  to  utilize  old  patterns  and  tools. 

A  large  number  of  tables  of  weights,  dimensions,  etc.,  are  to  he  found  in 
this  little  booklet. 
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Wireless  Clusters  and  Lighting  Specialties:  Benjamin  lik-ctric  Mfg.  Co., 
42  W.  Jackson  Blvd.,  Chicago.  Bulletin;  paper;  6  by  9  ins.;  pp.  8;  illus- 
trated. 

The  Benjamin  Electric  Mfg.  Co.  has  just  issued,  under  date  of  October, 
a  Supplementary  Bulletin  containing  additions  and  changes  atTecting  Cata- 
logue B-17  and  B-i/a,  and  a  number  of  new  devices  are  listed,  which  will 
doubtless  meet  with  the  approval  of  the  trade.  Copies  of  this  Bulktin  will 
be  supplied  on  application. 
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The  Library  Committee  wishes  to  express  thanks  for  donations 
to  the  Hbrary.  Back  numbers  of  periodicals  are  desirable  for  ex- 
change and  in  completing  valuable  volumes  for  our  files. 

Since  the  issue  of  the  Journal  for  August,  1907,  we  have  the 
pleasure  to  report  the  following  additions  to  the  library  and  gifts 
from  donors  named: 

MISCELLANEOUS  GIFTS. 
John  Brunner,  M.  \V.  S.  E..  Chicago.     National  Geographic  Magazine,  June, 

July  and  August,  1907.     Pams. 
Report  of  the  Rocky  Mountain   Park  of  Canada,  Dept.  of  Int.,  Dominion  of 

Canada.    Pam. 
A.   Elliott   Kimberly.   Asst.   Engr..   State   Board   of   Health,   Columbus.   Ohio. 
"The   Use  and  the  Abuse  of  Sewage   Purification   Plants."   Pam. 
New  Jersey  State  Board  of  Health.     30th  Annual  Report,  1906.     Cloth. 
O.    Chanute.    M.    W.    S.    E.,    Chicago.      American    Magazine   of   Aeronautics, 
Aug.,  1907.     Memorial  of  Samuel  P.  Langley,  Secy.  Smithsonian 
Institution.  1887-1906.     Pams. 
E.  L.  Corthell,  M.  W.  S.  E.,  New  York.     "Port  of  Para."  Brazil,  bv  Elmer  E. 

Corthell.     Pam. 
National  Brake  and  Electric  Co.,  Milwaukee,  Wis.     "National   Air   Brakes," 

Manual  of  Installation  and  Maintenance.     Cloth. 
Hiram  A.  Miller,  M.  W.  S.  E.,  Boston.     4th  Annual  Report  of  the  Charles 

River  Basin  Commission,  1906.     Pam. 
National  Board  of  Fire  Underwriters,  Chicago.     "National  Electrical  Code," 

1907.     Pam. 
John  Wiley  &  Sons.  New  York.     "Shaft-Sinking  Lender  Difficult  Conditions," 

by  J.  Riemer ;  translated  by  C.  R.  Corning.     Cloth. 
Michigan  State  Board  of  Health.     3.3d  Annual  Report  of  the  Secretary.  1905. 
E.  E.  R.  Tratman,  M.  W.   S.  E.,  Chicago.     "Annual  Report  of  the  Imperial 
Railway  Bureau,"   1905-1906.     Tokyo.     Pam. 
"Guide  du  Monteur,"  by  Jules  Merlot,  1907.     Cloth. 
Bi-monthly    Bulletin;    American    Institute   of    Mining    Engineers. 

Novembers,   1906.     Pam. 
Engineers'   Club  of  Philadelphia — List  of  Members,   1907.     Cloth. 
"The   birthplace    of   the   Turret,"    Pallion    Shipyard,    Sunderland. 
Proc.  4th  Annual  Meeting,  Assn.  of  Transportation  and  Car  Ac- 

coimting  Officers,  1907.     Pam. 
Report   of   Chief   Commissioner   of   New    South    Wales — Govern- 

tnent   Railways   and   Tramways,    1907.      Pam. 
Spec,   for  building   single-screw   steel   derelict   destroyers   for   the 
LI.  S.  Revenue-Cutter  service.     "Revenue-Cutter  No.  17,"  Wash- 
ington, 1907.     Bds. 
Spec,    for    triple-expansion,   single-screw    propelling    engine,    with 
boiler    and    auxiliary    machinery,    for    Revenue-Cutter    No.    17 
(foi    service  as  a  derelict   destroyer).  Treasury   Dept.,   Wash- 
ington, 1907.    Bds. 
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Water  Supply  and  Irrigation  Papers.     Nos.  195,  197,  199,  201,  203, 
204,  205,  206,  208.     Pams. 

Bui.  international  Ry.  of  Congress  Assn.   (English  Edition),  Jan., 
Feb.  and  March.     Nos.   i.  2  and  3-     3  Pams. 

Ry.  Signal  Assn.,  Proc.  of;  Nos.  3  and  4,  1907.    2  Pams. 

Administration  Report  on  the  Rys.  in  India  for  1906,  by  Railway 
Board.     Pam.  • 

State  of  Rhode  Island  and  Providence  Plantations.     Annual  Report  of  Com- 
missioner of  Dams  and  Reservoirs.    Jan.,  1907.     Pam. 
Board   of   Water    Supply,    New    York    City.      Spec,    and   Drawings    for   main 

Dams  for  the  Ashokan  Reservoir  near  Brown's  Sta.  in  towns  of 

Olive  nnd  IMarbletown,  N.  Y.     Pams. 
D.   Van   Nostrand  Co.,   New   York.     "Chemical   Reagents;   their   purity   and 

tests,"  by  Merck,  1907.     Cloth. 
New  Y'ork  State  Engineer  and  Surveyor.     Annual  Report,  1905.     3  bd.  Vols. 
Otis  F.  Clapp,  City  Engineer,  Providence,  R.  I.    Annual  Report,  1907.     Parii. 
City  of  Chicago.    Statistics,  Jan. -June,  1907,  Vol.  VII,  Nos.  i  and  2.    Pam. 
J.  H.  Warder,  Secy.,  W.  S.  E.,  Chicago.    12  bound  volumes. 

"A  Handbook  of  Engineering  Laboratory  Practice,"  Smart,  1898. 

"A  Treatise  on  the  Metallurgy  of  Iron,"  Bauerman,  1868. 

"Sewer  Design,"  Ogden,  1899. 

"Principles   of    Dynamo    Electric    Machines,"    Hering. 

"The  Calorific  Power  of  Fuels,"  Poole,  1901. 

"Sewerage,"  Folwell,   189S. 

"Steam  Boiler  Economy,"  Kent,  1901. 

"A  Treatise  on  Surveying,"  Alsop,  1865. 

"Practical  Application  of  Slide  Valve  and  Link  Motion,"  Auchin- 
closs,  1869. 

"Street   Pavements  and  Paving  Materials,"  Tillson,  1900. 

"Water  Supply  Engineering,"  Folwell,  1900. 

"Hydraulic  Cement."   Spalding,   1898. 
Illinois  Board  of  Charities,   Springfield,  111.     Quarterly  Bulletin.  July,   1907. 
N.  Y.  City  Board  of  Water  Supply.     "Contract  No.  4,"   for  construction  of 

Field  Office  Bldg    for   Division  and   Section  Engineers,   Peekskill 

Division,    Catskill    Aqueduct,    Cortlandt,    N.    Y.,    with    drawings, 

1907. 

"Contract  No.  5,"  for  construction  of  a  portion  of  an  Intercept- 
ing Sewer  in  Kingston.  N.  Y.  1907,  with  drawings.    4  Pams. 
O.  H.  Basquin,  M.  W.  S.  E.,  Evanston,  111.     "Stresses  in   Simple  Columns 

under  Eccentric  Load,"  April.  1907.     2  Pams. 
Michigan  College  of  Mines,  Houghton.     Year  Book,  1906-7.     Pam. 
Ohio  Bureau  of  Inspection  and  Supervision  of  Public  Offices.     "Comparative 

Statistics,  Cities  of  Ohio,"   IQ05-6.     2  Pams. 
Aid.    Linn    H.    Young,    Chicago.     "Report   of   Committee    on    Gas,    Oil    and 

Electric   Light   to   the    City    Council,   on    Telephone    Service   and 

Rates,"  Chicago,  1907.     Pam. 
Howard     C.     Ives,     Worcester     Polytechnic     Institute,     Worcester,     Mass. 

"Switches  and  Turnouts,"  by  H.  C.  Ives.     Reprint  from  Journal 

Worcester  Polytechnic  Institute.  March,  May  and  July,  1907. 
American  Steel  and  Wire  Co.,  Chicago.     "Engineers'  Handbook  of  Concrete 

Reinforcement,"   July,   1907.     Cloth 
H.  H.  Cosley,  Jr.,  M.  W.  S.  E..  Chicago.     Cambria  Steel  Co.     "Handbook  of 

Structural  Steel,"  1907.     Morocco. 
Iowa  Board  of  R.  R.  Commissioners.     29th  Annual  Report,  1906.     Cloth. 
Indiana  Dept.  of  Geology  and  Natural  Resources.    31st  Annual  Report,  1906. 

Cloth. 
Scientific   Publishing   Co.,   Manchester,   England.     "Steam   Boilers   and   Sup- 

plementarv  Appliances,"  bv  W.  FI.  Fowler.     Cloth 
Dr.  W.  Michaelis,  Jr..  M.  W.  S.  E..' Chicago.     "The  Hardening  Process  of 
Hydraulic  Cements,"  by  Dr.  W.  Michaelis,  Sr.     Pam 
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Chas.  J.  Poitsch.  M.  W.  S.  E..  Milwaukee.     Annual  Report,  Board  of  Public 

Works,  1906.     Pam. 
McGraw  Publishin":  Co..  New  York.     "Street  Railway  Journal's  Dictionary 

of  Klectric  Railway  Material."  rgoj.     Pam. 
American  Public  Works  Assn.     2d  Convention,  Atlanta,  Ga.     Sept.  14th  and 

15th.  1906.    Cloth. 
City  Statician.  Chicago.     29th.  30th  and  31 -^t  Annual  Reports.     Dept.  of  Public 

Works,  for  the  years  1904,  1905  and  1906.    3  Vols.     Cloth. 

EXCHANGES. 

University  of  Michigan,  Ann  Arbor,  Mich.     "The  Michigan  Technic,"  June, 
1907.     Pam. 

National    Fire    Protection    Assn.,    Chicago.      Quarterly    Bulletin,    July,    1907. 
Membership   Director}',   1907.      Pams. 

American   Institute   of   Architects.    Wash'ngton,    D.    C.      Proc.    of    the   40th 
Annual  Convention.  1906.     Pam. 

Western  Railway  Club,  Chicago.     Official   Proc.  for  the  year  Tgo6-7.     Cloth 

Missouri  Bureau  of  Geology  and  Mines,  Jefferson  City,  Mo.     "Public  Roads, 
their  improvement  and  maintenance."     Vol.  V — 2d  series.     Cloth. 

Institution  of  Electrical  Engineers,  London,  England.     Proc,  .^pril  25th  and 
May  2d,  1907.     Pam. 

American   Institute    of   IMining    Engineers.    New    York.      Transactions,    con- 
taining papers  and  discussions  of  1006.     Vol.  37. 

Institution  of  Mechanical  Engineers,  London.     Proc.  Jan. -March.  1907.     Pam. 

National  Assn.  Cotton  ]^Ianufacturers.     Trans.  April,  1907.     Bds. 

Liverpool  Engineering  Societj^     Trans.     1906-7.     Pam. 

American  Mining  Congress,  Denver.    Trans.  9th  Annual  sessi   n.     1906.     Pam. 

American  Ry.  Engr'g  &  M.  of  W.  Assn.    Bulletins  No.  89  and  90,  1907.    Pams. 

Canadian   Societv   of   Civil  Engineers.     Trans.   Jan. -June,    inoo.   Part   I,  and 
Oct.-Dec.  1906,  Part  II.  Vol.  XX. 
Report  of  Annual  Meeting,   1907.     Vol.  XXI.     Pams. 

Engineers'  Society  of  Western  Pennsylvania.     Charter,  Bj'-laws  and  Member- 
ship List,  July.  1907.     Pam. 

Engineers'  Club  of  St.  Louis,  Mo.     12th  Annual  Bulletin.  List  of  Members, 
etc.,  1907.     Pam.  ■ 

American  Ry.  Master  [Mechanics'  Assn.     Report  of  Proc.  Joth  Annual  Con- 
vention, 1907.     Leather. 

Ontario  Bureau  of  M'nes,  Toronto.     Reports  of  Bureau,  Vol.   XIV,    1905; 
Vol.  XV.  1906.    2  Vols.     Cloth. 

Illinois  State  Geological  Survey.     Bulletin  No.  4.    Year  Book  for  1906.   Cloth 
also  paper. 

Institution   of   Naval   Architects.     Transactions,   List  of   Members,   etc.,   for 
1907.     Cloth. 

Institution  of  Electrical   Engineers.   London.     Proceedings.   M.ij,   1907 

List  of  O.'iFicers   and   Members ;   Articles  of  Assn.,  etc.,   1907 
Index  to  Vol.  .39  of  Proceedings. 

List  of  Accessions  to  Library  from  April  ist  to  September  14th, 
1907.    4  Pams. 

GOVERNMENT  PUBLICATIONS. 
U.  S.  Geol.  Survey,  Dept.  of  Interior. 

"Production  of  Bauxite  and  Aluminum  in  1906,''  by  E.  F.  Burch- 
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METHODS  OF  PUMPING  DEEP  GROUND  WATERS. 
By  Charles  B.  Burdick,  m.w.s.e. 
Presented  June  j,  iQoy. 
With  growing  intelligence  in  sanitary  matters,  pure  water  sup- 
plies  are  becoming  of  greater  importance.     x\mong  our   supplies 
none,  from  a  hygienic  standpoint,  is  more  important  than  that  from 
deep  wells. 

It  is  the  object  of  this  paper  to  review,  as  briefly  as  is  consistent 
with  a  good  understanding  of  them,  the  means  now  in  use  for 
pumping  these  deep  ground  waters ;  their  applicability  and  their 
economy;  referring  particularly  to  those  supplies  considerably  be- 
low suction  depth. 

THE   PRINCIPLES   OF   WELL   FLOW. 

For  added  clearness  in  the  subsequent  discussion  let  us  briefly  re- 
view the  general  principles  of  well  flow.  This  principle  is  the  same 
whatever  the  character  of  the  well — whether  it  flows  by  "gravity" 
or  whether  the  water  stands  at  a  great  depth  below  the  ground  sur- 
face ;  whether  a  tubular  well ;  or  whether  a  masonry  curbed  well  of 
large  diameter.  The  removal  of  water  tends  to  lower  the  water  sur- 
face within  the  well.  This  lowering  of  the  water  surface  disturbs 
the  equilibrium  between  well  water  and  ground  water,  and  flow 
takes  place  from  ground  to  well.  This  flow  is  induced  by  the  dif- 
ference in  head  between  the  water  in  the  well  and  the  water  in  the 
ground.  As  before  beginning  the  operation  of  pumping  the  well, 
the  ground  water  rests  in  a  state  of  equilibrium,  the  head  which  in- 
duces flow  to  the  well  is  measured  by  the  "drop"  in  the  well  water 
surface  incident  to  pumping.  This  drop  actually  exists  on  the  re- 
moval bf  water  from  an  open  well.  The  same  effect  is  produced  by 
"suction"  in  tubular  wells,  or  by  the  action  of  compressed  air  in  the 
operation  of  the  air  lift.  The  flow  to  the  well  is  a  function  of  this 
difference  in  pressure  or  "drop."  The  amount  of  the  drop  bears  a 
fixed  relation  to  the  flow  once  uniform  conditions  are  estabhshed. 
The  energy  induced  by  this  drop  is  consumed  in  imparting  velocity 
to  the  water  and  in  overcoming  friction  between  ground  and  ground 
water  in  its  passage  to  the  well.  In  sand  wells  the  well  strainer  of- 
fers further  resistance,  and  if  the  well  is  deep  or  the  flow  large, 
compared  to  the  well  diameter,  the  friction  of  the  rising  water  in  the 
well  bore  must  be  considered.  In  a  large  majority  of  cases  the  fric- 
tion of  the  ground  water  is  the  important  source  of  loss,  the  other 
factors  being  of  significance  only  in  special  cases. 


720 


Burdick — Puviping  Deep  Ground  Waters. 


As  is  well  known,  the  resistance  to  flow  in  conduits  or  channels 
varies  as  the  square  of  the  velocity.  It  has  been  demonstrated  by  ex- 
periment that  this  law  does  not  hold  in  the  flow  of  water  through 
porous  material,  such  as  sand,  gravel,  silt  and  the  like,  where  the 
water  must  pass  through  minute  interstices.  It  has  been  demon- 
strated that  in  such  cases  the  resistance  is  a  direct  function  of  the 
velocity.  These  laws  are  of  importance  in  forecasting  the  yield  of 
wells.     The  feed  to  the  well  may  approach  the  case  of  one  or  more 
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underground  conduits ;  this  is  true  in  certain  wells  in  limestone 
whore  the  solvent  action  of  the  water  has  caused  passages  of  con- 
siderable dimensions  to  be  formed.  Such  a  condition  would  result 
in  a  flow  curve,  as  shown  in  Fig.  i,  by  the  curved  line;  where  the 
flow  varies  as  the  square  root  of  the  "drop"  induced  by  pumping. 
The  more  common  case,  however,  is  represented  by  the  nearly 
straight  line  in  the  same  illustration  when  the  water  passes  to  the 
well  through  minute  interstices  in  the  sands,  gravels,  sand  rocks  and 
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even  most  limestones.    In  this  case  neglecting  the  well  tube  friction, 
the  yield  of  the  well  is  directly  proportional  to  the  "drop." 

In  forecasting  the  possibilities  of  a  ground  water  supply  from 
tests  of  existing  wells  it  is  important  to  fix  the  flow  curve.  If  the 
curve  takes  the  form  of  a  straight  line,  as  is  usually  the  case,  the 
location  of  two  points  will  fix  it.  If  there  is  any  doubt  as  to  the 
form  of  the  curve,  several  points  as  widely  distributed  as  possible 
should  be  located.  The  static  water  level  is,  of  course,  the  origin  of 
the  flow  curve.  In  predicating  future  possibilities,  and  indeed  in  de- 
signing the  machinery,  account  should  be  taken  of  possible  future 
changes  in  the  location  of  this  plane.  This  has  been  the  stumbling 
block  of  many  failures. 

Under  a  set  of  fixed  conditions  the  plane  will  remain  fixed.  In- 
<leep  wells  of  large  tributary  water-shed,  such  as  those  in  the  Pots- 
dam or  St.  Peter's  sandstones  which  supply  the  greater  part  of  the 
deep  well  water  in  northern  Illinois  and  southern  Wisconsin,  the  stat- 
ic water  levels  are  probably  unaflFected  except  by  pumping ;  the  time 
of  passage  from  source  to  well  being*  so  slow  that  seasonal  condi- 
tions are  "without  effect.  The  history  of  the  static  water  levels  in 
this  vicinity  is  instructive. 

In  the  early  eighties,  when  water  works  construction  commenced 
upon  a  large  scale,  the  underlying  sand  stones  when  penetrated, 
usually  furnished  flowing  wells.  In  some  cases  the  heads  were  suf- 
ficient to  lift  the  water,  within  a  vertical  pipe,  thirty  or  forty  feet 
above  the  ground  surface.  Several  wells,  of  lo  in.  to  12  in.  di- 
ameter at  the  top,  flowed  at  the  rate  of  one  million  gallons  or  more  per 
24  hours,  at  the  ground  level.  With  the  constantly  increasing 
number  of  wells  drilled  all  over  this  territory,  and  with  the  in- 
creased demand  for  water,  due  to  the  growth  of  cities,  such  a  quan- 
tity of  water  was  drawn  from  these  sand-stones  as  to  produce  an 
underground  current  sufficient  to  use  up  an  increasing  quantity  of 
head.  As  a  result,  the  flow  of  the  wells  diminished,  and  when 
pushed  the  hardest,  ceased  to  flow,  necessitating  changes  in  the 
pumping  devices.  Further  pumping  still  further  lowered  the  static 
levels,  and  a  number  of  cases  exist  where  wells  once  flowing  at  the 
surface,  have  in  the  course  of  twenty  years  or  less  receded  from 
100  to  150  feet.  Table  No.  i  shows  the  experience  of  several  cities 
in  this  respect: 

Table  No.   i.  Showing  General  Recession  of  Static  Ground 
Water  Planes.    All  Elevations  Refer  to  Surface 
OF  Ground  at  Places  Named. 
La  Grange,  111. 

1889    —  5 

1893    • —18 

1900    — 26 

1905    — 26 

Oak  Park,  111. 

About   1890    o 

1905    — 100  to  —  140 
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Harvey,  111. 

1898  .., 

IQOI  .  .  . 

1905  ... 

Dubuque,  la. 

1899  ... 

1906  .  . . 


—23 
—30 
.—70 

■+35 
•  +  15 


WATER    LEVEL    GAUGE.- 

Often  one  of  the  most  troublesome  observations  in  the  testing  of 
deep  wells  is  the  measurem.ent  of  the  lift  when  the  pump  is  operat- 
ing. An  observation  of  the  water  level  when  the  pump  is  shut  down 
will  not  suffice,  as  in  operation  the  water  level  may  fall  away  in 
very  considerable  amount.  There  has  elsewhere  been  described  an 
electric  device  depending  upon  an  insulated  wire  dropped  into  the 
well  which  closes  a  circuit  with  the  well  casing  when  the  water 
level  is  touched.  This  is  only  applicable,  however,  where  there  is 
sufficient  space  between  the  casing  and  water  pipe,  which  is  often 
not  available,  and  at  best  the  device  gives  some  trouble. 

There  is  another  device  for  this  purpose  which  has  been  used 
in  this  vicinity  for  ten  years  or  more,  and  which  it  is  believed  has  not 


Jes-f-  P/pe- 


Ou-hsic/e  Casing 


i^a/vi^. 


OciTSic/e  Casing 


Fig.  3. — To  Measure  the  Water  Levels  in  Wells. 
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been  described  in  print.  Fig.  3  shows  the  device  coupled  to  an  air 
lift  pump.  It  consists  of  a  small  pipe  (^4  in-  will  do),  a  valve  and 
a  pressure  gauge  so  graduated  that  it  can  be  easily  read  to  one 
pound  or  less.  A  loiown  length  of  pipe  is  dropped  into  the  well ;  air 
pressure  is  then  applied  until  all  the  water  is-  driven  from  the  pipe, 
as  evidenced  by  the  refusal  of  the  gauge  to  rise  further.  This  pres- 
sure reduced  to  feet  shows  the  amount  that  the  end  of  the  pipe  is 
submerged. 

In  No.  I  (Fig.  3)  is  shown  an  application  to  a  case  where  the  ex- 
terior of  the  water  pipe  is  accessible.  Upon  an  air  lift  when  this  can 
be  done  the  compressed  air  can  be  obtained  by  tapping  the  air  pipe. 
No.  2  shows  an  application  to  an  air  lift  where  there  is  no  room  out- 
side of  the  eduction  or  water  pipe,  and  with  this  arrangement  a 
hand  air  pump  is  desirable  as  the  pressure  required  in  the  test  pipe 
is  a  little  in  excess  of  that  in  the  air  pipe.  The  ordinary  beer  pump 
or  large  bicycle  air  pump  answers  this  purpose  nicely.  Applied  in 
this  way  the  lift  can  be  measured  readily,  even  when  the  well  cas- 
ing is  used  as  a  discharge  pipe. 

In  operation  there  are  a  number  of  precautions  to  be  observed. 
The  pipe  must,  of  course,  be  unobstructed  and  should  be  tight. 
Upon  a  rising  water  level  the  water  must  be  blown  out  before  each 
reading. 

THE    RECIPROCATING    PUMP. 

The  most  obvious  means  of  reaching  well  water  that  has  receded 
below  suction  limit  is  to  depress  the  pump  barrel  or  cylinder  to  such 
depth  that  it  can  reach  the  water.  This  is  the  principle  of  the  ordi- 
nary farm  yard  pump.  The  device,  essentially,  consists  of  pump 
barrel,  plunger  and  valves  and  a  set  of  jointed  rods  for  transmitting 
power  from  the  surface  to  the  pump  plunger  within  the  well. 

The  pump  barrel,  commonly  of  brass,  is  usually  attached  to  the 
bottom  of  the  pump  discharge  pipe,  within  which  the  rods  move  up 
and  do\vn  through  ?.  suitable  stuffing  box  at  the  top,  and  through 
which  the  plunger  discharges  its  load  through  a  proper  valve.  In 
certain  cases  the  pump  barrel  is  fastened  to  the  well  casing  by  an 
annular  wedge  or  "packer,"  and  the  well  casing  itself  forms  the 
discharge  pipe. 

The  plunger  may  be  single  or  double  acting,  or  two  plungers  may 
be  employed,  one  working  above  the  other.  The  valves  are  usually 
of  the  ball  type,  although  poppet  valves  are  used. 

The  source  of  power  may  be  as  desired ;  steam  may  be  applied  di- 
rectly to  the  rod  through  a  direct  acting  steam  head.  A  special 
steam  head  is  made  which  operates  double  plungers,  the  rods  being 
^accommodated  one  within  the  other,  and  power  heads  are  made 
'producing  the  same  effect. 

Where  the  qu^ntitv  of  water  is  sm.all  and  the  lift  moderate  this 
machine  operates  with  good  results,  but  where  considerable  water 
is  handled,  especially  at  high  lifts,  it  has  proved  both  costly  of  oper- 
ation and  maintenance.  With  the  single  acting  plunger  the  water 
column  must  be  started  and  stopped  once  in  each   revolution,  and 
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twice  with  the  double  acting  plunger;  this  operation,  particularly 
at  high  piston  speed,  is  both  extravagant  of  power  and  hard  on  the 
machinery.  This  difficulty  has  been  partially  overcome  by  the  use 
of  the  differential  plunger  whereby  the  rising  water  column  is  only 
partially  brought  to  rest. 

Under  the  higher  lifts,  the  slower  the  plunger  speed,  the  more 
satisfactory  the  operation  ;  for  the  higher  lifts  80  to  100  feet  piston 
speed  is  the  limit,  while  small  quantities  can  be  raised  30  to  50  feet 
with  plunger  speeds  as  high  as  120  to  130  feet  per  minute,  without 
serious  wear  and  tear. 

In  Table  No.  II  is  shown  abstracts  of  three  tests  upon  E.  E.  John- 
son's deep  well  pump,  an. account  of  which  was  read  by  the  design- 
er before  this  Society  in  1897.  and  from  which  paper  the  data  is 
taken.  These  efficiencies  probably  represent  the  best  that  we  can 
hope  for  by  reciprocating  machinery  under  the  lifts  named : 

Table  No.  II.     Deep  Wells.     Abstr.\ct  of  Tests  on  Johnson 
Deep  Well  Pumps. 

Stockton,  Ames,  Cambridge, 

111.  Iowa.  111. 

1.  Pump   lift    feet 274><  ■      390  252 

2.  Actual  water,  gal.  per  min.     120.97  I33-  71.82 

3.  Slip    of   valves    % +1-9%  +3-8%  —3-3% 

4.  Av.  Pump  Speed,  r.  p.  m  ...        25.59  27.14  11.62 

5.  Cylinder    diameter    5^  in.  5^  in.  6^  in. 

6.  Pump  stroke   per   rev 41.25  in.  42.0  in.  41.25  in. 

7.  Efficiency  pump    72%  67% 

8.  Efficiency,  pump   and   eng.           63%  Z^-S% 

9.  Steam  duty,  mil.  ft.  lbs..  .           ....  45.5               

Under  lifts  of  about  50  feet  or  less  the  single  acting  plunger  of 

small  pumps  will  approach  this  efficiency,  but  falls  off  rapidly  with 
increasing  depth.  The  motive  power  for  machines  of  this  type 
may  be  so  selected  as  to  give  any  dutv  desirable  within  the  limita- 
tions of  the  pumip  efficiency. 

THE  AIR  lift. 
The  air  lift  as  a  pumping  device  was  probably  first  used,  at  least 
experimentallv,  as  early  as  1797.  In  America  patents  were  issued 
to  Capt.  James  P..  Eads  in  1870,  Joseph  P.  Frizell  in  1880  and  Dr. 
Pohle  in  1892.  The  device  did  not  attain  commercial  importance 
until  the  investigations  of  Dr.  Pohle  became  publiclv  known,  short- 
ly before  his  patent  was  granted.  The  general  principle  of  this  de- 
vice will  be  seen  from  a  glance  at  Fig.  4.  Compressed  air  through  a 
small  pipe  is  forced  into  the  well  and  released  in  the  bottom  .of  an 
open  pipe,  as  shown,  resulting  in  a  discharge  of  air  and  water.  The 
mechanics  of  this  appliance  seem  at  first  glance  somewhat  mysteri- 
ous, and  indeed  the  first  application  for  patent  was  refused  upon  the 
ground  that  the  method  of  operation  claimed,  was  contrary  to  a 
well  established  physical  law.    As  c.car  an  explanation  as  the  writer 
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Fig.  4.— Typical  Air  Lift  Plant. 


has  seen,  was  published  in  the  Engineering  News  of  June  8,  1903, 
together  with  some  history  of  the  device. 

Mr.  Frizell's  patent  states  that  tlie  air  is  mixed  with  the  water 
in  the  form  of  mmute  bubbles.  Dr.  Pohle's  patent  specifies  the 
formation  of  "piston  like"  layers  of  air  and  water.  In  a  catalog  re- 
cently issued  by  one  of  the  companies  dealing  in  this  machinery,  and 
abstracted  in  the  Engineering  Record  of  Dec.  5,  1905,  great  stress  is 
laid  on  the  formation  of  these  "piston  like"  layers,  if  best  efficiency 
is  to  be  secured ;  but  the  catalog  naively  harmonizes  this  theory  and 
observation  by  stating  that  "it  is  likely  that  before  they  reach  the 
surface  there  is  a  general  breaking  up."  No  means  are  provided 
for  forming  these  layers  other  than  proportioning  the  supply  of  air 
to  the  water  delivery. 

The  application  of  the  air  lift  is  properly  divided  into  two  parts, 
namely,  the  generation  of  the  compressed  air,  and  its  use  in  pump- 
ing. It  is  most  useful  to  consider  these  parts  separately  in  order 
that  the  pump  may  be  compared  with  other  means  of  lifting  water. 

In  the  following  data  regarding  efficiency,  it  has  been  the  effort  to 
separate,  in  so  far  as  possible,  the  efficiency  of  the  pump  itself  and 
the  "over  all"  efficiency  of  the  plant,  including  the  compressor.  The 
latter,  of  course,  may  vary  widely  in  its  economy. 

Several  methods  of  applying  the  air  and  arranging  the  pipes  in 
the  well  are  shown  in  Fig.  5.  These  methods  are  further  modified 
by  the  manner  of  releasing  the  air  from  the  bottom  of  the  air  pipe. 
At  various  times  especial  advantages  have  been  claimed  for  a  special 
form  of  nozzle.  These  have  been  of  almost  every  conceivable  form, 
including  a  perforated  head,  a  perforated  or  stotted  pipe,  a  contract- 
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Fig.  5. — Methods  of  Supplying  Compressed  Air. 

ed  nozzle  turned  upward  or  downward,  or  an  open  end  pipe  ar- 
ranged in  the  same  way.  At  the  present  time  probably  a  majority 
of  the  applications  of  compressed  air  are  made  through  the  end  of 
an  open  pipe  pointing  downward,  and  experience  seems  to  show 
that  this  application  is  fully  as  efficient  as  any  other. 

The  depth  to  which  the  air  pipe  is  submerged,  and  the  consequent 
pressure  of  the  air,  undoubtedly  has  an  important  bearing  upon  effi- 
ciency. It  is  usual  to  express  this  submergence  as  the  ratio  of  that 
portion  of  the  mixed  air  and  water  column  submerged  in  the  water 
of  the  well,  to  the  total  height  of  the  same  column,  measured  from 
point  of  air  application  to  the  point  of  delivery  of  the  air  and  water 
mixture. 

Experiment  and  experience  seems  to  show  that  the  best  results 
are  obtained  under  a  submersion  of  about  66  %,  and  that  at  least  un- 
der lifts  of  50  ft.  or  less  the  efficiency  is  reduced  about  one-half 
when  the  submersion  is  reduced  to  33  %.  Manufacturers  claim  to 
have  plants  under  special  conditions  working  satisfactorily  under 
submergences  as  low  as  30  %  and  as  high  as  75  %.  They  usually 
recommend  about  60  %.  The  most  favorable  air  pressure  but 
slightly  exceeds  the  head  of  water  due  to  submergence,  and  the  air 
pipes  and  passages  should  be  so  proportioned  as  to  permit  passing 
the  proper  quantity  of  air  without  seriously  reducing  its  pressure. 

The  size  of  "eduction  pipe"  through  which  the  column  of  mixed 
air  and  water  rises  should  bear  a  reasonable  relation  to  the  quantity 
of  water  delivered,  as  there  is  evidently  a  relation  where  practically 
no  work  will  be  accomplished.     There  appears  to  be  some  latitude, 
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however,  in  this  matter.  In  the  experiments  of  Browne  and  Behr, 
hereinafter  referred  to,  the  best  efficiencies  were  obtained  with 
eduction  pipe  velocities  of  4  to  5  ft.  per  sec,  neglecting  the  volume 
of  the  air  in  suspension.  It  should  be  said,  however,  that  no  higher 
velocities  were  apparently  used,  and  that  their  device  was  operated 
at  velocities  as  low^  as  i  ft.  per  sec.  Judging  from  recent  practice 
.a  velocity  of  4  ft.  per  sec.  is  desirable  under  usual  conditions. 

In  regard  to  air  consumption  Prof.  D.  W.  Mead  in  Turneure's 
and  Russell's  "Public  Water  Supplies,"  says :  "For  reasonable  effi- 
ciency the  submergency  of  the  discharge  pipe  should  be  at  least 
60%  of  its  total  height"  and  "The  formula  commonlv  used  for  deter- 
mining the  relation  of  the  various  factors  in  the  air  lift  problem  is : 
125  A 

h 
"in  which  q  =  gallons  of  water  per  min. 
A  =  cu.  ft.  of  free  air  per  min. 

h  =:  height  of  lift  in  feet  from  water  surface  to  point  of 
discharge." 
This  formula  transposed  in  terms  of  air  reads : 
qh 

A  =  — 

125 
The  formula,  therefore,  taken  in  connection  with  a  fixed  sub- 
mergence ratio  sets  a  value  upon  the  possible  efficiency ;  and  inas- 
much as  the  volume  of  free  air  required  varies  directly  as  the  lift 
and,  submergence  ratio  remaining  constant,  the  air  pressure  also 
varies  as  the  lift,  the  efficiency  must  necessarily  be  greater  at  low 
lifts  than  high.  Assigning  values  to  this  formula  in  accordance 
with  60%  submersion  shows  efficiencies  as  follows: 

_ .,  .  H.  P.  Water  Lifted 

Lift.  Etticiency=— — — — T -. -^ 

H.  I.  Receiver  Air 

25'    66% 

50'    ' 42% 

100'   29% 

150'    24% 

This  formula  approximately  expresses  the  relation  of  the  factors 
in  the  most  efficient  plant  with  which  the  writer  is  personally  ac- 
quainted, under  the  lift  at  which  it  is  operated. 

The  efficiency  of  the  air  lift  pump  has  been  fruitful  of  much  dis- 
cussion, and  various  results  have  been  claimed  for  it,  differing 
widely  in  themselves.  The  subject  lias  been  more  fruitful  of  theo- 
retical computations  than  results  from  plants  actually  in  operation, 
although  the  number  of  these  plants  is  very  large.  The  reason  for 
this  is  probably  to  be  found  in  the  difficulty  of  making  accurate  tests, 
coupled  with  a  quite  general  lack  of  knowledge  of  the  governing 
principles,  upon  the  part  of  operatives  who  have  the  opportunities  for 
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testing.  ]\Iuch  is  seen  in  print  of  cases  where  in  this  plant  or  that, 
the  air  Hft  has  saved  (or  wasted)  "so  much"  fuel  as  compared  with 
the  plant  formerly  used,  but  very  few  statements  are  to  be  found 
sufficiently  exact  to  warrant  an  intelligent  opinion.  Much  copying 
of  careless  statements  is  to  be  found  in  books  upon  compressed  air. 
Mr.  E.  E.  Johnson,  in  closing  the  discussion  upon  his  paper  pre- 
sented before  this  Society  in  1897,  places  the  maximum  limiting  effi- 
ciency of  the  air  lift  as  a  pump,  upon  the  ratio  of  the  theoretical 
power  to  deliver  the  water,  to  the  least  power  to  com.press  the  neces- 
sary air  isothermally ;  upon  the  assumption  that  the  submersion  is 
such  that  the  air  pressure  is  equal  to  the  hydrostatic  pressure  due 
to  the  lift,  and  that  the  volurne  of  compressed  air  is  equal  to  volume 
of  water  delivered.  Based  upon  these  assumptions  the  limiting  effi- 
ciency beyond  which  the  pump  cannot  go,  as  stated  by  Mr.  Johnson, 
decreases  with  the  lift  as  follows : 

Limiting 
Lift  Feet.  Ptimp  Efficiencv. 

5  87% 

10  7870 

25  64% 

50  52% 

100  43% 

130  39% 

Upon  the  other  hand  companies  selling  this  machinery  claim 
to  obtain  good  efficiency  at  lifts  of  250  to  3CX)  ft.,  and  that  they 
get  their  best  results  at  lifts  between   150  and  200  ft. 

So  far  as  the  writer  is  aware,  no  tests  more  careful  and  com- 
prehensive have  been  published  than  the  tests  made  in  San  Fran- 
cisco by  Messrs.  Browne  and  Behr,  and  reported  in  a  paper  before 
the  Technical  Societv  of  the  Pacific  coast  in  i8qo.  These  tests 
were  abstracted  in  the  Engineering  News  of  June  8th,  1893.  The 
best  results  obtained  bv  these  gentlemen  are  as  shown  in  Table  No. 
IIL 


Table  No.  Ill  Showing  Best  Results  Obtained  by  Messrs.  Brown  and  Behr,    Upon  Ex- 
perimental .\ir  Lift  Plant. 


(1) 

(2) 

(3) 

:      (■«) 

(5) 

(6) 

(7) 
Least  H.  P 

(8) 
1  Least  H.  P. 
ilo  Compress 

(9) 
Pn  ni  p 

Siil.- 

Water  Gals. 

Air  Press 

Cu.  ft.  free 

to  Raise 

.^ir  Uo- 

Eflfic  .-ncv 

No. 

Lift 

meigence 

,        Mill. 

Gauge  lbs. 

air  per  nun. 

Water 

therm:illv 

7 

1 

■   15.3 

09^ 

i         115 

10  2 

22.0 

.445 

'       104 

43? 

2 

35. 

00^ 

i           ^^"i 

21. 

23  6 

.770 

1.46 

53? 

:; 

M.5 

38^ 

26 

10  1 

2(50 

3.50 

1.24 

29? 

4 

75  2 

43;r 

79 

31.1 

01.0 

1..50 

4.37 

•''i% 

5 

ir,.?, 

4-2'i 

()7 

27. (i 

40.5 

1.27 

3.12 

41? 

These  tests  were  all  made  with  a  special  well  having  a  3  in.  educ- 
tion pipe  and  0.9  in.  air  pipe  let  down  outside  the  eduction  pipe  and 
returned  into  the  lower  end  of  same,  discharging  through  a  5/8  in 
nozzle. 
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In  Table  No,  I\''  is  shown  three  tests  that  were  made  some  years 
ago  upon  water  works  plants,  and  which  have  been  published  in 
various  journals. 

Table    No.    IV.      Miscellaneous    Tests — Air    Lift     Pumping 

Plants. 

tRockford. 

4  St.       tWauk- 
Peter's  Wells,    esha. 

lOO 


Place.  De  Kalb. 

Lift   ft 143 

^^'ater,  gals,  per  min :        207 

Air   pres.,    lbs 53 

Submergence    »    52% 

Cu.  ft.  free  air  per  min •  •  •  •      *3i2 

H.  P.  of  water 7.47 

H.  P.  of  reserve  air *30.4 

H.  P.  of  steam  cylinder 42-74 

Efficiency  of  pump 24.5% 

Efficiency  of  pump  and  compressor     17.48% 
Source  of  information Eng.  News 


"0 
1392 

76 


30 
79-5 
1254 


820 


20.5 


112 


24%         18.3% 

W.  Soc.  W.  Soc. 

Tour.     Jour. 

1897.     1897. 

*  Based  upon  plunger  displacement. 

+  Singie  stage  2  cylinder  compressor  driven  by  a  twin  Corliss  engine  with  steam 
and  air  cylinders  tandem. 
X  Duplex  air  compressor. 

In  making  investigations  for  additional  water  supplies  the  writer 
has  had  occasion  to  operate  several  air  lift  plants,  the  results  from 
two  of  which  are  shown  in  Table  No.  V.  In  these  tests  observation 
of  economy  was  of  secondary  consideration,  and  no  measurements 
of  the  air  supplied  were  made  further  than  to  record  compressor 
revolutions  and  receiver  pressure.  The  statement  of  air  consumd 
is  based  upon  90%  of  the  compressor  displacement.  It  is  believed, 
however,  tliat  the  data  represents  approximately  the  results  at  these 
places  under  "everv  day"  operation.  The  conditions  in  Plant  No. 
I  appear  to  be  favorable  for  good  efficiency;  but  in  Plant  No.  2 
the  conditions  had  changed  since  the  installation,  and  at  the  time  of 
the  test  were  in  many  respects  unfavorable  to  good  economy  with 
the  machinerv  installed. 


Table  No.  V— Tests  of  Air  Lift  I'umps. 

(1) 

Plant 

(2) 
Lift. 

(3) 

Sub- 
mergente 

(4) 

Water 
gals.   min. 

(5) 

Air  Press. 
Gauge  lbs. 

16) 

Cu.  ft 
free  Air 
per  min. 

(7) 

Theo.  H. 

P.  to  Lift 

Water 

(8; 

Theo.  H. 

P   toCom- 

prrss  Air 

Iso. 

Pumj 

Efficien    ;. 

7 

Plant  Xo.  1 

1  well   

2  wells 

Plant  No.  2 
10  wells.... 

61  ft. 
63  ft. 

160  ft. 

66^ 
65jg 

24^ 
to44sg 

330 
450 

1000 

65 
67 

65 

167 
213 

2270 

5.08 
7.08 

40.5 

18.0 
28.5 

245.0 

28? 
30;g 

17? 
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It  seems  to  be  the  general  impression,  and  this  is  borne  out  by 
such  tests  as  have  been  made  pubUc,  that  the  efficiency  of  the  air  Hft 
as  a  pump,  not  considering  the  compressor,  ranges  between  25% 
and  40%  under  favorable  conditions  and  for  medium  lifts. 

The  compressor  is,  of  course,  a  necessary  part  of  this  device. 
For  the  large  majority  of  water  works  applications,  single  stage 
compression  has  seemed  advisable  and  has  been  used. 

Regarding  the  efficiency  of  steam  driven  machine^,  namely,  ratio 
of  the  least  power  to  compress  the  air  isothermally,  to  the  indicated 
power  of  the  steam  cylinder,  Mr.  Frank  Roberts,  in  his  very  good 
book  upon  Compressed  Air,  places  it  at  60%  to  75%,  in  well  de- 
signed machines,  and  distributes  the  losses  as  follows : 

Percentage  of  Loss. 

Machine    friction    yy^  %  to  10% 

Initial    heating 2%  to  10% 

Heating  during  compression   15%  to  17% 

Clearance,    etc '. 5%  to  10% 

Net  efficiency  total   74%  to  60% 

■  .  Mr.  E.  E.  Johnson,  in  his  paper  before  referred  to,  considers 
46%  and  57%  fair  results  under  gauge  pressures  of  43  lbs.  and 
135  lbs.  respectively.  The  same  paper  cites  an  efficiency  of  63% 
for  a  14  in.  by  22  in.  duplex  air  compressor  at  Rockford.  It  is 
probable  that  no  injustice  will  be  done  by  assigning  the  values  60% 
to  75%  for  such  machines  as  can  properly  be  placed  in  the  ordin- 
ary water  works  installation. 

SHAFT    AND    TUNNEL    METHOD. 

The  larger  cities  in  the  development  of  the  ground  water  sup- 
plies have  felt  the  need  of  some  method  of  procuring  the  water, 
of  greater  efficiency  than  is  possible  by  the  use  of  the  deep  well 
reciprocating  pump  or  the  air  lift ;  even  in  places  where  the  static 
ground  water  level  lies  close  to,  or  even  above  the  surface,  this 
need  has  been  felt.  As  pointed  out  in  the  discussion  above  upon 
the  hydraulics  of  wells,  the  flow  is  usually  in  direct  proportion  to 
the  depression  of  the  static  ground  water  plane  by  pumping ;  and  it 
will  usually  prove  economical  to  depress  this  ground  water 
plane  to  a  considerable  degree,  where  a  large  quantity  of  water  is 
desirable,  rather  than  spread  the  pumping  machinery  out  over  a 
large  number  of  wells,  which  would  be  necessary  in  case  the  ground 
water  plane  is  only  slightly  depressed.  This  condition  has  been 
met  in  a  number  of  cases  after  the  general  manner  indicated  by 
Fig.  6. 

In  this  method  of  development  a  shaft,  of  suitable  diameter  to 
accommodate  the  machiner}'.  is  sunk  to  such  depth  as  seems  advis- 
able under  the  circumstances ;  and  from  the  foot  of  this  shaft  one 
or  more  tunnels  are  driven  laterally  in  such  direction  as  to  inter- 
cept the  wells  which  it  is  desired  to  pump.  The  tunnel  is  usuallv 
well  below  the  ground  water  plane,  the  depth  of  the  shaft  and  the 
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Fig.  6.  —  Shaft  and  Tunnel  Method  of  Obtaining  Ground  Waters. 

length  of  the  tunnel  depending  upon  conditions,  both  present 
and  future.  The  wells  are,  of  course,  drilled  from  the  surface  of 
the  ground,  and  their  casings  afterward  cut  at  the  tunnel  level, 
where  the  proper  fittings  are  inserted.  The  well  casings  may  be 
tightly  connected  to  a  common  suction  pipe  leading  to  the  pump,  as 
is  shown  in  the  illustration,  or  they  may  discharge  directly  into 
the  tunnel,  which,  in  such  case,  is  used  as  a  storage  reservoir,  and 
is  inaccessible  unless  the  water  is  pumped  down.  A  direct  con- 
nection between  wells  and  suction  pipes  permits  access  at  all  times 
to  the  tunnel,  and  turtlier  permits  the  pump  to  draw  the  wells  to 
suction  depth  below  the  tunnel  grade,  thus  adding  to  their  capac- 
ity. In  developing  a  water  supply  by  this  method  almost  any  class 
of  pumping  machinery  may  be  used  that  conditions  will  warrant, 
and  the  coal  economy  is  limited  only  by  the  highest  class  of  pump- 
ing machinery  manufactured.  As  the  steam  end  of  the  pumping 
device  requires  the  most  attention,  it  is  customary  and  advisable 
to  place  it  at  the  surface  of  the  gfound.  If  the  shaft  is  not  too 
deep,  vertical  high  dutv  pumping  machinery  may  be  used ;  the  steam 
economy  varyin-^'.  a^  --'ec'red.  between  80  and  140  million  foot  pounds 
steam  duty.  Where  the  shaft  is  deep,  or  where  it  is  desired  to 
use  electric  rower,  the  matter  comes  into  the  field  of  the  centrifugal 
pump.  Tf  the  pov.'er  is  electricity  a  vertical  shaft,  pump  and  motor 
lend",  itself  well  to  the  arrangement ;  the  motor,  of  course,  placed 
at  the  top  of  the  shaft  on  account  of  both  care  and  dampness. 

A   vertical   shaft  centrifugal   may  also  be   used   with   an   engine 
drive,  the  power  being  applied  through  a  twisted  belt  (an  awkward 
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looking  device),  which,  however,  gives  fairly  good  efficiency,  or 
bv  the  use  of  beveled  gears,  which  become  practicable  if  the  speed  is 
not  too  high.  The  use  of  gears,  at  the  best,  is  less  efficient  than  a 
belt  connection  and  they  are  subject  to  easy  derangement.  ■  Hori- 
zontal throw  engines  are  also  probably  applicable  to  this  case, 
although  no  engines  have  been  manufactured  except  on  very  low 
lifts,  where  a  cross  compound  Corliss  engine  has  been  used.  The 
vertical  rope  drive  permits  the  use  of  both  horizontal  shaft  pump 
and  engine,  at  high  speed,  and  gives  a  very  creditable  efficiency. 

Although  minor  applications  of  this  general  method  of  water 
development  have  been  made  for  years,  the  first  important  applica- 
tion, as  herein  outlined,  is  believed  to  have  been  made  at  Alem- 
phis,  Tenn.  A  general  description  of  the  conditions,  and  the  method 
of  developing  the  supply  is  given  by  the  designer,  Mr.  T.  T.  John- 
ston, in  a  discussion  before  this  Society  in  1897.  The  shaft,  at 
that  place,  is  80  to  90  feet  in  depth,  and  from  its  foot  tunnels  lead 
to  the  wells.  The  water  is  discharged  directly  into  the  tunnels, 
which  form  passages  for  the  water  to  the  shaft  and  reservoirs  for 
its  storage.  The  pumps  installed  are  high  duty  Worthington  ver- 
ticals, and  are  said  to  have  shown  a  duty  of  about  115  million  foot 
pounds. 

Two  notable  installations  of  the  shaft  and  tunnel  method  have 
been  made  by  Mr.  Daniel  W.  Mead,  of  this  Society — one  at  Rock- 
ford,  completed  about  ten  years  ago,  and  one  at  Ft.  Worth,  Texas, 
of  later  date.  The  plant  at  Rockford  has  been  described  in  sev- 
eral technical  journals.  The  shaft  was  sunk'  to  a  depth  of  about 
95  ft.  through  sixty  feet  of  water-bearing  sand  and  gravel.  The 
foot  of  the  shaft  rests  in  clay,  not  sufficiently  compact,  however, 
to  avoid  the  pneumatic  process  which  was  used  in  construction.  The 
tunnels  lie  about  95  feet  below  the  ground  water  surface,  and  accom- 
modate suction  pipes  directly  connected  to  the  wells  and  pumj)^. 
Three  pumping  units  were  installed,  each  consisting  of  a  single 
stage  centrifugal  pump,  vertical  rope  driven  by  a  compound  con- 
densing high  speed  engine  located  at  the  top  of  the  shaft,  in  the 
pump  house.  Mr.  Mead  states  that  upon  test  the  following  efficien- 
cies were  secured : 

Engine    friction    90.0% 

Efficiencv  of  rope  transmission 95-0% 

Pump   efficiency 87.0^ 

Total    efficiency    74-8% 

Steam   duty 57.8  million   foot   pounds 

The  pump  operates  upon  about  100  ft.  lift ;  the  maximum  delivery 
of  each  unit  is  about  seven  million  gallons  per  day.  The  pump  ef- 
ficiency, as  stated,  is  remarkable,  but  this  is  somewhat  offset  by  a 
somewhat  larger  engine  steam  consumption  than  would  seem  neces- 
sary. The  engine  consumption  was  intended  to  be  18  lbs.  of  water 
per  I.  H.  P.  hour,  but  the  minimum  of  24  lbs.  was  secured  upon 
test. 
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The  plant  at  Ft.  Worth,  Texas,  is  in  many  respects  similar  to  the 
Rockford  installation.  The  shaft  is  about  170  feet  in  depth,  from 
the  foot  of  which  tunnels  aggregating  2,000  ft.  length  lead  to  the 
wells.  The  pumping  plant  is  in  two  units  of  five  million  gallons 
each,  and  each  unit  consisting  of  a  three  stage  vertical  shaft  centrifu- 
gal pump,  driven  by  a  steam  engine  at  the  surface.  The  connection 
between  pump  pulley  and  engine  is  a  quarter  turn  rope  drive. 

A  plant  very  similar,  to  the  Rockford  installation  was  installed 
at  Elgin,  111.,  some  three  years  ago.  At  this  place  the  shaft  is  115 
feet  in  depth,  from  the  foot  of  which  tunnels  connect  to  four  wells. 
Before  construction  of  the  plant  the  static  water  level  of  the  wells 
was  located  at  about  18  ft.  below  the  surface  of  the  ground.  When 
the  plant  is  operating  at  from  two  and  one-fourth  to  two  and  one- 
half  million  gallons  per  day,  the  pump  operates  with  about  three 
feet  head  on  the  suction,  indicating  that  the  static  level  is  pulled 
down  about  100  ft.  when  pumping  at  the  rates  named. 

VERTICAL   SHAFT   HIGH    SPEED  CENTRIFUGAL   PUMP. 

Just  at  present  a  new  pump  is  entering  the  deep  well  field,  and 
while  it  seems  too  much  to  expect  that  it  will  rival  the  high  duty 
reciprocating  machines,  applicable  to  the  lower  lifts  of  the  shaft  and 
tunnel  method,  it  has  already  assumed  an  important  place  in  the 
pumping  field.  The  writer  refers  to  high  speed  vertical  shaft  cen- 
trifugal pumps  of  such  diameter  that  they  can  be  set  in  bored  or 
drilled  holes.  It  is  believed  that  the  earliest  application  of  this 
device  was  made  in  the  improvements  to  the  water  works  of  Mos- 
cow, Russia,  completed  in  1900.  The  plant  was  described  by  Mr. 
N.  T.  Simin,  Chief  Engineer,  in  the  proceedings  of  the  American 
Water  Works  Association  in  1901.  The  pump  was  designed  and 
built  by  the  Forcot  firm  of  Paris.  Each  pump,  as  installed,  is 
accommodated  in  a  16  in.  well,  and  at  1,440  rev.  per  min.  lifts 
812.500  U.  S.  gallons  per  day.  The  lift  under  which  they  operate 
is  not  specified,  but,  judging  from  statements  in  the  paper,  is 
about  50  ft. 

In  1902,  Mr.  John  W.  Alvord,  of  this  Society,  in  a  report  to  the 
Chicago  Clearing  and  Transfer  Company  upon  the  development  of 
a  large  ground  water  supply  at  their  proposed  plant  at  Qearing, 
near  Chicago,  called  attention  to  the  possibilities,  by  this  means  of 
pumping.  At  that  time  no  device  of  this  kind  had  been  built  in 
America.  At  the  request  of  the  Company,  Mr.  Alvord  prepared 
a  design  of  an  experimental  pump,  which  was  constructed  by  the 
Company  under  Mr.  Alvord's  direction.  The  pump  was  so  designed 
that  various  forms  of  impeller  could  be  tried,  and  in  the  fall  of  1902, 
the  pump,  equipped  with  the  best  impeller,  showed  an  efficiency  of 
50%  when  operating  at  1,640  rev.  per  min.  and  discharging  835 
gals,  per  min.  against  a  head  of  38  ft.  The  experimental  pump 
had  one  impeller  only.  The  pump  was  so  designed  as  to  be  accommo- 
dated in  a  12  in.  hole.  The  test  at  Clearing  was  under  the  direct 
charge  of  Mr.  M.  E.  Shire,  engineer  for  the  Company.     Owing  to 
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Fig.  7.— Alvord's  Deep  Well  Pump. 
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reasons  entirely  apart  from  the  water  supply,  the  construction  at 
Qearing  was  delayed  and  has  not  yet  been  carried  out.  The 
experimental  pump  has  been  recently  turned  over  to  Prof.  Mead, 
of  the  University  of  Wisconsin,  who  has  made  a  series  of  tests 
with  various  forms  of  impeller,  which,  it  is  understood,  will  form 
the  subject  of  a  bulletin  to  be  issued  shortly  by  the  University. 

The  successful  operation  of  i  device  of  this  kind,  at  high  speed, 
cannot  be  accomplished  without  proper  provision  for  handling  the 
down  thrust ;  and,  inasmuch  as  the  balancing  device  of  Mr.  Alvord's 
pump  w^as  one  of  the  most  satisfactory  features  of  its  operation,  it 
is  worth  while  to  note  it  especially.  Its  principle,  like  most  means 
of  balancing,  depends  upon  the  head  of  the  discharge  water  enter- 
ing around  the  edge  of  the  impeller,  and  applying  its  pressure  to 
the  under  side  of  the  same.  The  balancing  chamber  immediately 
above  the  impeller  has  the  office  of  relieving  the  pressure  from 
above  so  that  the  head  below  the  impeller  can  act. 

It  will  be  observed  in  Fig.  7  that  a  duct  in  the  shaft  connects 
the  balancing  chamber  with  the  suction'  side,  and  that  the  entrance  to 
this  duct  is  controlled  by  a  port  that  is  opened  and  closed  by  a 
slight  fall  or  rise  of  the  impeller  and  shaft.  By  this  arrangement 
as  the  pump  comes  up  to  speed  pressure  is  produced  in  the  discharge 
passage  and.  by  leakage,  under  the  impeller.  By  the  proper  appor- 
tionm.ent  of  areas,  this  pressure  tends  to  raise  the  impeller  and 
close  the  port,  in  the  balancing  device.  The  leakage  into  the  bal- 
ancing chamber  from  the  discharge  passage  causes  the  pressure  to 
rise  in  the  balancing  chamber  in  sufficient  amount  to  overcome  the 
up-thrust.  In  the  test  at  Clearing  it  was  found  that  as  the  pump 
came  up  to  speed  the  shaft  was  lifted  about  one-sixteenth  of  an  inch, 
and  rode  clear  of  the  balls  in  the  ball  thrust  bearing  provided  at 
the  top  of  the  shaft.  Fig.  8  is  taken  from  the  patent  drawing  and 
shows  this  device  as  it  might  be  applied  to  very  high  lifts,  the  num- 
ber of  balancing  chambers  being  multiplied.  The  pump,  as 
designed  by  Mr.  Alvord,  is,  of  course,  capable  of  compounding,  as 
is  now  done  in  centrifugal  pump  practice  for  high  lifts.  By  increas- 
ing the  number  of  impellers,  high  lifts  can  be  accomplished  at 
medium  speeds. 

At  about  the  time  that  Mr.  Alvord  was  making  his  plans  the 
subject  seems  to  have  been  taken  up  by  Mr.  Byron  Jackson,  of  San 
Francisco,  a  manufacturer,  who  has  done  some  creditable  work  in 
centrifugal  pumping.  His  company  is  believed  to  have  been  the 
first  to  place  this  type  of  machine  upon  the  market.  The  pump,  now 
in  operation  in  several  water  works  plants,  is  in  many  respects  sim- 
ilar to  that  of  Mr.  Alvord.  The  first  installation  was  made  under 
the  advice  of  Prof.  Mead  at  the  Pabst  Brewery  at  Milwaukee.  This 
pump  is  a  five  stage  machine,  and  is  accommodated  in  a  15  in.  hole. 
It  is  designed  to  lift  700  gals,  per  min.  against  a  net  head  of  220 
ft.  The  speed  of  the  shaft  is  1.300  rev.  per  min.  and  the  pump  is 
engine  driven,  a  twisted  belt  transmitting  the  power.  The  lift 
at  present  is  150  ft.     Steam  cards  taken  by  the  station  engineer  are 
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Application  of  Balancing  Device  of  Alvord's  Rotary  Pump  for 
Kxtreme  Lifts. 
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said  to  indicate  an  efficiency  from  engine  cylinder  to  water  delivered 
of  56%.  It  is  probable  that  this  means  not  less  than  65%  pump 
efficiency.  A  similar  installation  has  been  operating  at  Waterloo. 
Iowa,  since  1905. 

An  interesting  electrically  driven  water  works  plant  has  just 
been  completed  at  La  Grange,  111.,  which  includes  centrifugal  pump- 
ing machinery  for  the  development  of  a  deep  ground  water  sup- 
ply, and  a  subsequent  pumping  by  a  second  set  of  pumps  into  the 
distribution  system  of  the  city.  The  new  electric  plant  replaces  a 
steam  driven  water  works  in  which  the  air  lift  was  used  for  pump- 
ing the  well  supply.  The  electric  current  is  furnished  by  a  large 
generating  station  at  Maywood,  some  four  or  five  miles  distant, 
from  which  a  number  of  suburban  water  and  light  plants  are  to 
be  supplied.  Two  wells  formerly  drilled  furnish  the  supply.  They 
are  located  about  100  ft.  apart.  Their  dimensions  previous  to  the 
improvements  were  as  follovv^s : 

AVell  No.  I  (north  well). 

6      in.  hole  to  depth  of    40  ft.  below  ground. 
5J4    "      "      "       "      "  810  "     ■     " 

_  It        <<  n  i(         ti  -  210  "  "  " 

4       "      "       "       "       "2024" 
Well  No.  2  (south  well). 

8      in.  hole  to  depth  of  130  ft.  below  ground. 

6%    "      "       "       "      "  1364 " 

6        "      "       "       "     "2045" 

The  wells  derive  the  major  portion  of  their  supply  from  the 
Potsdam  sandstone  formation.  Tests  preliminary  to  the  installa- 
-tion  showed  the  static  ground  water  level  to  be  26  ft.  below  the 
ground  surface.  The  wells  are  about  equally  efficient  in  regard  to 
water  delivery,  and  furnish  when  operated  separately  360  gals, 
per  min.  under  a  40  ft.  drop,  corresponding  to  a  water  level  of 
•66  ft.  below  the  ground  surface.  Operating  together  the  combined 
delivery  was  490  gals,  per  min.  at  the  same  depression  in  water 
level  as  before.  Before  installing  the  pumps  the  wells  were  reamed 
•out  for  a  depth  of  120  ft.  to  a  diameter  of  16  in.,  and  a  15  in.  inter- 
tial  diameter  casing  placed  in  each  down  to  rock  about  30  ft.  below 
the  ground  surface.  Fig.  9  shows  the  principal  dimensions,  speed 
and  capacity  of  the  two  units  installed.  The  units  are  duplicates. 
The  pump  is  driven  by  a  25  H.  P.  Westinghouse  three  phase,  440 
volt  induction  motor  running  at  1 120  rev.  per  min.  It  is  connected  to 
the  shaft  by  a  flexible  leather  link  coupling.  The  weight  of  the 
armature  is  carried  by  a  separate  thrust  bearing  in  the  motor  cas- 
ing. A  portion  of  the  down  thrust  is  taken  by  balancing  chambers 
of  the  Jackson  type  just  above  the  pump  runners. 

It  is  evidently  considered  that  this  balancing  arrangement  does 
not  have  sufficient  elasticity,  for  an  additional  water  step  bearing 
is  provided,  on  the  pump  head  at  the  ground  level.  Until  the  pump 
comes  up  to  speed  the  shaft  is  carried  on  a  roller  thrust  bearing 
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Fig.  9, —  Electrically  Driven  Vertical  Centrifugal  I'ump,  LaGrange,  III. 
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on  the  pump  head.  In  the  drawing  the  well  casing  is  not  shown; 
tlie  pump  hanging  free  and  entirely  independent  of  it.  The  water  is 
discharged  through  the  annular  space  between  the  8  in.  uptake 
pipe  and  the  3^  in.  pipe  which  encloses  the  driving  shaft.  The 
shaft  is  supported  by  babbetted  bearings  at  intervals  of  8  ft.  Each 
alternating  bearing  forms  a  coupling  for  the  33^  in.  pipe.  Each 
of  these  alternate  bearings  are  centered  and  held  firm  by  means  of 
three  jam-nuts  equally  spaced  around  the  combined  bearing  and 
coupling.  Provision  is  made  for  giving  the  bearings  and  impellers 
a  small  amount  of  oil,  but  since  the  first  few  weeks  of  operation  no 
oil  has  been  supplied  except  to  the  impellers,  the  water  lubrication 
apparently  being  sufficient.  Each  pump  is  now  working,  when  oper- 
ated alone,  under  about  75  ft.  head,  friction  not  included,  and  deliv- 
ers 405  gals,  per  min.  It  was  hoped  to  present  a  duty  test  of 
this  machine  in  this  paper,  and  it  is  expected  that  data  can  be 
secured  in  time  to  include  it  when  published  in  our  Journal.  The 
preliminary  run  seems  to  indicate  that  the  pump  efficiency  is  close 
to  50%  and  the  motor  efficiency  85%.  The  unit  in  well  No.  i  has 
now  been  in  constant  operation  for  about  eight  months.  The  unit 
in  well  No.  2  has  just  been  installed.  The  pump  operates  very 
nicely.  When  in  the  room  with  the  pump,  one  has  almost  to  stand 
directly  in  front  of  it  to  perceive  that  it  is  running.  The  entire 
pumping  plant  was  designed  and  built  by  the  Byron  Jackson  Ma- 
chine Works  of  Oakland,  Cal.  The  plant  was  designed  and  super- 
vised by  Messrs.  Sargent  &  Lundy,  mechanical  and  electrical  en- 
gineers of  this  city,  under  the  advice  of  the  writer  and  his  associate. 

This  subject  would  not  be  complete  without  reference  to  the  pro- 
peller pump  designed  and  built  by  Mr.  P.  K.  Wood,  of  Los 
Angeles.  It  is  believed  that  the  use  of  this  pump  antedates  the 
Moscow  installation.  Fig.  to  shows  an  illustration  of  this  pump. 
The  cut  will  sufficiently  explain  its  method  of  operation.  In  the 
illustration  the  propellers  are  shown  equally  spaced,  the  lowest  im- 
peller, of  course,  being  below  the  static  water  level  of  the  well.  Mr. 
Wood  discovered  that  these  propellers  may  be  compounded,  and 
when  bunched  at  the  bottom  of  the  shaft  the  result  is  the  same  as  by 
the  arrangement  shown. 

Two  installations  have  been  made  in  this  vicinity,  the  first  at 
Batavia,  111.,  where  a  pump  is  driven  by  a  Pelton  water  wheel,  and 
the  second  at  Madison,  Wis.,  where  the  pump  is  electrically  driven. 
Prof.  Turneure  tested  one  of  these  pumps  at  Madison  previous  to 
the  permanent  installation  in  the  city  water  works,  and  reports  the 
overall  efficiency  of  the  driving  electric  motor,  belt  and  pump  at 
40  per  cent.  Prof.  Turneure  estimates  that,  allowing  for  motor 
and  belt,  the  pump  efficiency  is  about  50  per  cent.  With  some 
improvements  in  its  mechanical  details  this  pump  should  give  a 
good  account  of  itself. 

DISCUSSION    OF    PUMPING    METHODS. 

Without  attempting  to  describe  all  of  the  special  devices  for 
handling  ground  water,  the  writer  has  above  covered  the  general 
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Fig.  io.— The  Wood  Propeller  Pump. 

methods  that  have  been  successfuUy  employed.  All  of  these  methods 
are  in  use  and  will  probably  continue  to  be  used.  Each  has  its 
place.  For  low  lifts  and  small  quantities,  the  deep  well  reciprocat- 
ing pum.p  has  the  field,  and  will  probably  continue  to  be  used  for 
estates,  institutions  and  villages. 

The  air  lift  has  a  field  entirely  apart  from  the  pumping  of  water 
supplies.  Its  lack  of  moving  parts  in  contact  with  the  fluid  handled 
lends  it  especially  to  the  pumping  of  chemicals  of  corrosive  nature. 
It  is  capable  of  multi-stage  application  where  space  is  available,  and 
thus  a  deep  submersion  can  be  avoided.  This  fits  it  for  mine 
draining  and  like  operations.     It  is  likely  to  continue  to  find  use 
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in  water  works  installations  where  the  highest  economy  is  not  war- 
ranted. A  number  of  plants  have  recently  been  installed  to  supply 
emergency  water  for  fire  service.  For  such  use  as  this  the  air  lift 
is  without  a  peer.  Given  sufficient  power  behind,  it  there  is  no 
device  capable  of  drawing  a  larger  supply  from  a  hole  of  a  given 
size,  even  at  considerable  lifts.  In  many  cases  where  this  pump- 
ing device  has  been  discarded  as  extravagant  of  fuel,  its  lack  of 
economy  can  be  traced  to  unintelligent  operation.  It  has  suffered 
with  other  pumping  devices  by  the  receding  static  ground  water 
levels  in  this  section  of  the  country.  While  it  is  a  simple  matter 
to  alter  the  air  lift  pump  proper  for  increasing  lifts,  the  machinery 
of  the  air  compression  cannot  easily  be  so  altered,  the  greater  lift 
necessitating  greater  pressures  and  volumes  for  economical  results. 

The  shaft  and  tunnel  method  is  applicable  only  to  special  cases. 
Where  conditions  will  warrant  its  use  it  is  capable  of  the  highest 
coal  economy  of  any  device  used  in  deep  well  pumping.  In  most 
cases  this  saving  in  fuel  must  be  more  or  less  offset  by  a  heavy  inter- 
est charge,  as  shaft  and  tunnel  construction  below  the  ground  water 
plane  is  more  or  less  uncertain  and  expensive.  Experience  has 
proven  the  folly  of  investments  of  this  kind  without  most  careful 
study  of  the  local  underground  hydraulics,  both  past,  present  and 
future.  The  investment  once  made  cannot  be  easily  altered  in 
accordance  with  modifications  that  afterward  seem  desirable. 

Vertical  shaft  high  speed  rotative  pumping  machinery  of  the  so- 
called  centrifugal  type  is  undoubtedly  destined  to  occupy  an  import- 
ant place  in  the  deep  well  pumping  field ;  in  fact,  it  may  be  said  that 
it  has  already  occupied  this  position.  It  is  especially  applicable  to 
large  supplies  from  deep  sources.  The  considerable  rotative 
speed  of  these  machines  lends  it  specially  to  plants  where  electricity 
is  the  source  of  power.  Until  sortie  one  places  a  vertical  shaft  steam 
turbine  upon  the  market,  irf  units  of  medium  size,  its  connection 
to  the  steam  engine  will  be  somewhat  awkward,  although  not  seri- 
ously lacking  in  efficiency.  While  somewhat  less  in  fuel  economy 
than  the  shaft  and  tunnel  method,  it  has  the  advantage  of  a  smaller 
interest  charge.  It  has  a  further  advantage  in  that  it  is  probably 
more  adaptable  to  changing  underground  conditions  than  any  other 
deep  well  pumping  device  capable  of  the  same  duty.  It  is  practicable 
to  so  design  these  pumps  that  they  be  depressed  upon  occasion  and 
adapted  to  higher  lifts  without  increased  speed  by  the  addition  of 
impellers. 

Discussion. 

Mr.  E.  N.  Layiield,  m.w.s.e:  Mr.  Burdick  has  been  so 'clear 
in  his  paper  that  I  do  not  know  that  there  is  very  much  I  can  say 
about  it,  but  for  the  benefit  of  those  who,  like  myself,  know  little 
about  the  subject,  I  want  to  ask  Mr.  Burdick  to  explain  a  little  more 
fully  the  significance  of  those  lines  in  connection  with  Fig.  2.  I 
think  I  understand  fully  now  what  he  means,  but  when  he  first 
started  to  read  the  paper  I  did  not  know  what  he  meant  by  the  flow 
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lines.  Take,  for  instance,  the  bottom  line  of  Fig-.  2.  I  suppose  that 
Mr.  Burdick  means  that  as  the  130  feet  line  intersects  the  line  for  150 
srallons  per  minute,  then  that  is  the  flow  of  the  well  if  you  pump  from 
that  depth. 

Mr.  Burdick:     Yes  that  is  correct. 

Mr.  LayHcld:  It  is  interestin<>-  to  note  those  lines  all  run  so 
straight  in  so  many  of  those  wells,  and  that  there  is  a  very  decided 
curve  in  some  of  the  others ;  for  instance  in  Fig.  i. 

Mr.  Burdick  :  I  will  sav  with  reference  to  that  curve  line,  that 
it  is  a  theoretical  curve.  That  would  be  the  curve  of  a  well  supplied 
by  a  pipe,  and  the  practical  curve  would  lie  somewhere  between  that 
line  and  a  straight  one.- 

Mr.  Layficld:  Is  that  curve  due  to  the  ease  with  which  water 
flows  through  earth  ? 

Mr.  Burdick:  That  curve  would  probablv  represent  the  flow  of 
a  well  in  which  the  water  reached  it  through  a  passage.  The  line  of 
flow  through  a  passage  is  dififerent  from  one  resulting  from  a  flow 
through  a  porous  material.  The  line  of  flow  in  sandstone  is  the 
same  as  that  through  sand,  the  water  evidently  not  coming  through 
passages  in  the  stone,  but  through  the  body  of  the  stone  itself, 
which  is  quite  porous. 

Mr.  Layficld:  Take  for  example  this  same  line  spoken  of  before. 
If  the  static  level  were  at  about  60  or  70  as  in  Fig.  2.  if  you  wanted 
to  get  the  flow  of  150  gallons  a  minute  vou  would  place  your  tunnel 
at  a  depth  of  130  feet,  or  if  it  was  merely  one  of  those  other  types  of 
pumps  vou  would  place  your  pump  at  that  depth. 

Mr.  Burdick  :  Yes,  vou  would  draw  the  water  down  to, that  depth 
to  get  that  quantity.  The  place  at  which  the  pump  would  be  set  how- 
ever would  depend  upon  the  kind  of  pump  used. 

Mr.  J.  L.  Hecht,  m.w.s.e:  It  may  be  of  interest  to  know,  in  con- 
nection with  the  wells  referred  to.  in  Fig.  i,  that  some  exten-^ive  tests 
have  reccntlv  been  made  on  these  wells  and  it  has  been  found  that  the 
heavy  dnsh  line  curve  given  as  a  probable  curve  by  Mr.  Burdick,  is 
almost  exactly  what  we  find  the  wells  to  do  by  getting  about  six 
points  and  plotting  them.  The  curve  we  actually  get  is  a  trifle  more 
curved  than  the  one  given  in  Fig.  i. 

There  is  another  interesting  point  in  connection  with  these  welis. 
shown  in  Table  No.  I  (the  Oak  Park  M'^ells  are  the  ones  I  am  refer- 
ring to).  It  was  found  that  during  the  period  from  1890  to  1905  the 
water  had  dropped  from  100  to  140  feet.  We  find  now  that  in  the 
last  two  years  the  water  has  apparently  come  up  between  8  anrl  10 
feet.  This  may  be  due  to  the  fact  that  some  of  the  load  has  been 
taken  ofif  of  these  wells,  the  .\ustin  district  having  been  put  on  lo  the 
Chicago  pumping  district. 

In  Mr.  Burdick's  paper  concerning  the  Airlift,  regarding  the  ques- 
tion of  whether  in  raising  the  water  the  air  forms  a  piston  or 
whether  it  mixes  with  the  water,  our  tests  seemed  to  indicate  that  we 
got  a  better  efficiency  when  the  water  flowed  from  the  well  in  a 
steady  stream  mixed  with  the  air.     The  only  time  that  the   water 
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oomes  out  with  a  spurt  of  water,  then  air  and  then  water  again,  is 
when  the  well  is  not  getting  sufficient  air  and  at  these  times  the  well 
is  not  as  efificient  as  when  getting  a  sufficient  quantity  of  air  and 
flowing  in  a  steady  stream. 

There  is  another  point  of  interest  in  Table  No.  V.  In  these  same 
wells,  mentioned  at  the  bottom  of  the  page  as  plant  No.  2,  the 
efficiency  was  17%,  taking  one  particular  well  in  which  the  air  pipe 
extended  172  ft.  from  the  surface.  The  pipe  was  lengthened  20 
ft.  and  was  increased  from  1%  in.  to  iVi  in.  in  diameter  so  as  to  cut 
down  the  friction  and  the  efficiency  was  brought  up  to  22%.  This 
well  with  172  ft.  of  1^4  in-  pipe  was  giving  180  gallons  per  minute; 
when  the  pipe  was  increased  to  1^2  in.  and  extended  20  ft.  further,  we 
got  245  gallons  per  minute;  an  increase  of  approximately  33%  in 
the  quantity  of  water  and  an  increase  of  about  25%  in  efficiency. 

Mr.  0.  C.  Spurling,  m.w.s.e.  :  It  may  be  interesting  to  give  some 
results  obtained  at  the  Hawthorne  Plant  of  the  Western  Electric 
Company.  There  is  there  a  double  acting  deep  well  pump  with  a 
single  hollow  rod,  the  water  being  discharged  on  the  down  stroke 
through  the  hollow  rod  into  the  main  pipe. 

The  average  results  obtained  from  a  continuous  run  of  168  hours 
showed  that  226  gal.  per  min.  were  pumped  against  a  head  of  80 
ft.  with  a  consumption  of  12.5  yrounds  of  steam  per  minute.  The 
consumption  of  steam  per  hydraulic  horse  power  hour  is  164.3 
pounds  and  as  the  steam  delivered  to  the  pump  costs  35  cents  per 
thousand  pounds,  the  cost  per  hydraulic  horse  power  hour  is  5.75 
cents,  and  for  pumping  1,000  gallons,  1.93  cents. 

I  have  endeavored  to  compare  these  results  with  the  Byron  Jack- 
son pump  at  LaGrange  and  by  assuming  the  efficiency  of  the  pump 
equal  to  50%  and  of  the  motor  equal  to  85%,  I  find  that  1.75  kilowatt 
hours  are  required  by  the  motor  per  hydraulic  horse  power  hour. 

If  this  pump  were  in  use  at  our  Hawthorne  Plant,  the  cost  of  cur- 
rent delivered  to  it  would  be  2  cents  per  kilowatt  hour  so  that  with 
this  combination  the  cost  per  hydraulic  horse  power  hour  would  be 
3.5  cents  and  the  cost  of  pumping  1,000  gallons  would  be  1.18  cents. 

Considering  the  wells  referred  to  in  Table  No.  V,  using  compressed 
air  where  450  gallons  per  minute  were  pumped  against  63  feet  head 
with  67  pounds  air  pressure  and  with  a  consumption  of  213  cubic 
feet  of  free  air  per  minute,  I  find  that  if  we  assume  the  cost  of  1,000 
cubic  feet  of  free  air  compressed  to  75  pounds  to  be  7  cents  (the 
Western  Electric  Company's  cost  for  air  compressed  to  75  pounds 
is  8  cents  per  thousand  cubic  feet  of  free  air)  the  cost  per  hydraulic 
horse  power  hour  is  found  to  be  12.5  cents  and  the  cost  of  pumping 
1,000  gallons,  3.3  cents. 

If  the  results  of  tests  made  at  LaGrange  are  available,  I  should 
like  to  know  the  actual  horse  power  taken  by  the  pumps  when  run- 
ning under  normal  conditions,  also  the  actual  efficiencies  of  pumps 
and  motors. 

Mr.  M.  K.  Trumbull,  m.w.s.e.:  I  would  ask  Mr.  Spurling  if  his 
figures  inclu^le  the  depreciation  of  machinery,  interest  charges,  etc. 
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Mr.  Spnrling :  The  figures  given  are  for  steam,  electric  and  com- 
pressed air  power,  respectively,  delivered  to  well  site  and  include  a 
15%  depreciation  on  a  diminishing  value  averaging  11.12%  on  the 
original  investment  of  the  steam,  electric  and  compressed  air 
power  plants,  respectively,  when  considered  for  a  period  of  5  years. 

As  the  Hawthorne  Plant  is  only  about  2  years  old,  the  depreciation 
charges  are  very  high  and  the  figures  given  for  cost  of  steam  and 
electrical  energy  will  undoubtedly  be  reduced  this  year.  No  inter- 
est charge  is  included,  nor  fixed  charges  or  operating  expenses  for 
the  pumping  plants  are  included  in  my  figures. 

Mr.  Tru7}ibii!l:  It  occurred  to  me,  in  looking  at  the  figures,  that 
the  mechanism  and  details  of  the  centrifu'^al  pump  are  rather  deli- 
cate, and  I  would  ask  if  matter  carried  in  suspension  in  the  water 
would  have  a  tendency  to  clog  the  working  parts  of  the  pumps  to  any 
great  extent? 

Mr.  H.  Gansslen,  m.w.s.e.  :  I  have  been  much  interested  in  this 
paper  and  would  like  to  give  a  few  figures  whrch  I  compiled  re- 
cently. It  was  required  in  the  vicinity  of  Chicago  to  pump  water 
out  of  a  deep  well  of  about  1,800  feet  depth  to  the  amount  of  250 
gallons  per  minute  and  the  water  level  drew  down  about  no  feet  be- 
low ground  level  when  pumping  that  amount.  The  owner  of  the 
well  used  to  pump  the  water  with  an  ordinarv  deep  well  pump  with  a 
steam  head,  but  then  called  for  the  air  lift,  hoping  to  reduce  the 
enormous  steam,  consumption  by  doing  so.  I  took  occasion  to  look 
into  the  steam  consumption  of  various  types  of  pumps,  and  it  turned 
out  that  the  air  lift  proposed  by  several  concerns  here  took  just 
about  as  much  steam  to  pump  that  quantity  of  water  as  his  old  style 
steam  head— that  is,  about  1,200  lbs.  of  steam  per  hour.  As  there 
was  only  clear  water  to  be  pumped,  there  was  certainly  no  reason 
for  installing  an  air  lift.  In  looking  around  further  I  came  across  a 
somewhat  novel  deep  well  pump.  I  think  it  is  called  the  Luitweiler 
pump— which  is  claimed  to  be  a  reliable  pump.  Not  having  been 
able  to  obtain  any  information  as  to  its  efficiency,  I  thought  perhaps 
one  of  the  gentlemen  present  might  have  some  data  on  that  subject, 
and  I  would  be  pleased  to  hear  something  about  it.  It  figures  out 
that  it  will  take  onlv  one-third  of  the  steam  of  either  the  air  lift  or 
deep  well  pump  with  steam  head,  if  driven,  for  instance,  by  a  mod- 
ern automatic  steam  engine.  The  water  column  with  this  style  pump 
does  not  seem  to  come  to  a  rest,  which  may  account  for  the  high 
efficiency  to  some  extent. 

President  Abbott :  The  column  of  water  would  naturally  come  to 
rest  when  the  moving  pistons  come  to  rest. 

Mr.  Gansslen :  As  there  are  two  pistons  in  the  purnping  cylinder, 
which  are  driven  bv  cams  that  are  mounted  on  the  driving  shaft  but 
not  exactly  diametrically  opposite,  the  column  of  water  is  in  motion 
continuously. 

Mr.  Hecht:  The  Luitweiler  Pump  is  operated  with  cams  instead 
of  having  cranks.  It  has  a  double  plunger  arrangement,  the  one  be- 
ing inside  of  the  other ;  the  cams  being  set  so  that  one  plunger  picks 
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up  the  water  just  before  the  other  one  comes  to  rest.  In  reply  to 
Mr.  Abbott's  question ;  the  cams  are  not  set  i8o  degrees  apart.  Just 
how  efficient  this  pump  is  I  do  not  know. 

Professor  D.  W.  Mead,  m.w.s.e.  :  I  am  greatly  interested  in  this 
subject,  but  have  not  had  an  opportunity  to  read  the  paper  carefully. 

In  regard  to  the  Luitweiler  pump  I  would  say  that  it  is  one  of  the 
class  of  pumps  that  are  termed  continuous  flow  pumps,  run  on  essen- 
tially the  same  idea  as  the  Whitworth  quick  return  mechanism  used 
on  shapers  in  the  machine  shop.  The  plungers  come  up  slowly  and 
go  down  rapidly;  the  second  plunger  starts  up  before  the  first  one 
stops,  and  hence  there  is  one  always  ascending  and  the  column  of 
water  does  not  come  to  rest  and  shocks  are -avoided. 

This  subject  of  deep  well  pumping  is  growing  in  importance.  It 
is  not  only  of  importance  in  the  matter  of  water  supply,  but  it  is"  of 
considerable  importance  in  the  mining  region.  In  southwestern 
Wisconsin  in  the  lead  and  zinc  district  there  are  many  small  mines 
where  the  question  of  drainage  is  important.  The  quantity  of  water 
to  be  moved  is  not'large,  as  we  would  ordinarily  speak  of  large  quan- 
tities of  water,  but  it  is  of  sufficient  amount  to  make  the  question  of 
pumping  an  important  one  to  these  small  mining  interests.  In  these 
localities  the  question  of  removing  the  water  cheaply  from  the 
mines  and  in  small  quantities  is  becoming  important.  Where  mines 
are  large  and  important  and  the  quantity  of  water  to  be  removed  is 
comparatively  large,  the  question  of  pumping  is  not  as  difficult  be- 
cause it  admits  of  the  application  of  a  higher  grade  of  engineering 
skill,  of  more  generous  treatment,  and  much  larger  expense  in  its 
treatment,  and  hence  can  be  solved  more  satisfactorily. 

In  the  smaller  mines  the  resources  will  not  admit  of  the  employment 
of  engineering  advice,  nor  the  installation  of  expensive  machinery. 
The  plants  installed  must  be  those  that  can  be  selected  and  installed 
by  the  mine  owners  with  such  skilled  help  as  may  be  easily  available. 

The  deep  well  centrifugal  pump  described  in  the  paper  seems  to  be 
one  of  the  most  satisfactory  solutions  for  deep  well  work,  where  the 
quantity  of  water  to  be  pumped,  amounts  to  250  to  1,000  gallons  per 
minute.  Where  smaller  quantities  are  to  be  pumped  other  types  of 
machinery  can  perhaps  be  used  to  greater  advantage.  I  have  in- 
stalled a  number  of  these  deep  well  centrifugal  pumps  operated  by 
steam  engines,  all  of  which  are  working  satisfactorily. 

In  regard  to  the  question  raised  as  to  the  wear  of  this  class  of 
machinery,  I  would  say  that  I  do  not  think  the  pump  at  Waterloo, 
Iowa,  has  been  taken  out  of  the  well  since  it  was  first  put  in,  and  it 
has  been  running  about  two  years.  In  the  deep  well  pumping  plant 
installed  at  Rockford,  111.,  in  1808,  where  a  larger  form  of  centrifugal 
pump  was  used  in  an  open  shaft,  the  pumps  have  now  been  running 
essentially  eight  hours  per  day  for  about  nine  years,  and  they  are 
practically  in  as  good  condition  to-day  as  at  the  time  they  were  in- 
stalled. They  were  inspected  a  short  time  ago  and  showed  little  wear 
and  apparently  no  decrease  in  efficiency.  I  think  that  is  one  point 
very  strongly  in  favor  of  that  class  of  machinery.     The  sand  passes 


Discussion — Puynping  Deep  Ground  Waters.  "47 

through  without  lodging  in  the  bearings  and  without  any  serious 
effects. 

There  is  one  point  I  think  should  be  emphasized  in  regard  to  the 
selection  and  installation  of  various  types  of  machines.  The  object 
should  always  be  the  selection  of  a  plant  adapted  to  the  peculiar  local 
conditions.  The  deep  well  plant  at  Rockford  is  installed  on  the 
shaft  system ;  the  quantity  pumped  is  large.  Where  such  large 
quantities  are  needed  there  may  be  reason  for  a  shaft  system  on  ac- 
count of  the  disadvantage  of  multiplying  the  units,  but  where  the 
quantity  needed  is  small,  the  expense  of  the  open  shaft  system  is  too  ' 
great.  ISIy  attention  was  called  sometime  ago  to  a  report  recom- 
mending a  shaft  system  similar  to  the  Rockford  system.  I  had  oc- 
casion to  review  the  report  and  found  that  the  cost  of  such  an  install- 
ation would  be  about  $150,000  in  order  to  assure  about  three  million 
gallons  of  water  per  day  ;  by  applying  the  deep  well  centrifugal  pump 
with  small  wells,  the  cost  would  be  reduced  to  about  $50,000,  or  about 
one-third  of  the  original  estimate. 

Through  the  kindness  of  Mr.  J.  W.  Alvord,  and  with  the  consent 
of  Mr.  Porter,  of  the  Chicago  Clearing  and  Transfer  Company,  the 
owners  of  the  pump,  the  first  Alvord  pump  has  been  presented  to  the 
University  of  Wisconsin,  and  has  been  subject  to  numerous  tests 
and  experiments.  A  bulletin  is  now  in  press  and  will  soon  be  pub- 
lished, giving  quite  a  complete  set  of  tests,  not  only  on  the  Alvord  type 
with  its  impeller,  but  on  some  impellers  designed  for  experimental 
purposes.  When  published,  copies  of  this  bulletin  can  be  obtained 
by  applying  to  the  Librarian  at  the  University  of  Wisconsin. 

In  explanation  of  the  nature  of  the  tests  made  I  would  say  that  no 
attempt  has  been  made  to  obtain  high  efficiency  from  the  impellers 
used,  but  simplv  to  investigate  the  general  principles  of  operation. 
The  tests  with  the  Alvord  impeller  do  not  show  results  as  good  as 
undoubtedly  can  be  secured,  although  efficiences  were  sufficiently 
high  to  show  that  the  pump  has  a  broad  field  for  general  usefulness. 

The  first  Jackson  pumn.  illustrated  in  Fig.  9,  was  installed  for  the 
Pabst  Brewing  Company  of  Milwaukee.  In  fact  Mr.  Jackson  de- 
signed the  pump  for  the  Pabst  Company  and  the  pump  was  installed 
and  gave  good  satisfaction ;  there  was  some  trouble  with  the  bearings 
at  first,  but  this  was  remedied  and  since  then  the  pump  has  worked 
satisfactorily.  Th^  Pabst  Company  have  removed  the  inner  pipe, 
thus  permitting  the  shafts  to  run  directly  in  the  water,  and  they  find 
the  results  are  fully  as  satisfactory  as  with  the  interior  three  inch 
pipe,  which  was  furnished  to  prevent  the  friction  of  the  shaft  rotating 
in  the  column  of  water.  The  shaft  was  1.75  in.  in  diameter,  the 
inner  pipe  3  in.  and  the  outer  or  discharge  pipe  q  in:  in  diameter. 

In  regard  to  the  Wood  propeller  pump ;  it  should  be  noted  that  it 
is  held  in  place  by  strong  springs  as  shown  in  Fig.  10.  the  idea  of  this 
construction  being,  that  the  pump  can  be  slid  down  in  casing  already 
in  place  and  held  by  the  contact  of  these  springs.  The  idea  of  the  de- 
sign is  that  where  these  springs  are  compressed  they  will  be  com- 
pressed uniformly,  and  the  expanding  of  the  springs  is  supposed  to 
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center  the  pump  and  hold  it  in  place  in  the  pipe  casing.  Most  of  the 
troubles  with  this  pump  have  been  due  to  the  fact  that  the  springs  do 
not  center  the  shaft  properly,  but  throw  it  out  of  linne.  due  to  uneven- 
ness  in  the  spring  itself  and  also  to  the  fact  that  the  alignment  of  the 
well  casing  is  not  true.  The  result  is  that  when  rotating  at  high  speed 
the  shaft  will  often  break  on  account  of  these  conditions.  I  believe 
this  pump  has  a  useful  field  provided  it  is  properly  constructed.  It 
can  be  well  constructed  providing  the  bearings  are  made  without 
springs,  put  in  a  pipe  that  is  carefully  prepared  to  receive  it,  and 
hold  the  shaft  in  perfect  alignment. 

Mr.  Perry  L.  Hedrick,  m.w.s.e.  :  Some  years  ago  I  made  a  flow 
test  of  an  artesian  well  by  the  air  lift  method.  The  well  was  1,572 
ft.  deep  and  cased  to  rock  with  6  in.  well  casing ;  the  water  level  when 
the  well  was  at  rest  was  100  ft.  below  the  point  of  discharge  when 
under  test.  In  order  that  some  reliance  might  be  had  upon  the  re- 
sults, a  very  carefully  constructed  weir  box,  which  was  provided  with 
a  hook  gauge,  was  used  to  measure  the  water  flow  and  all  pressure 
measurements  were  taken-  with  test  gauges. 

I  take  exception- to  the  illustration  which  shows  the  operation  of  the 
air  lift  as  dependent  upon  the  "piston  like"  layers  of  air  and  water. 
The  experiment  showed  that  the  operation  was  only  similar  to  that 
under  three  sets  of  conditions: — 

First,  When  the  submergence  is  insufficient. 

Second,  When  the  submergence  is  proper  and  the  air  supply  too 
large. 

Third,  When  the  submergence  is  proper  and  the  air  supply  is  too 
small. 

When  a  proper  amount  of  air  was  supplied  and  at  a  proper  pressure 
(the  submergence  being  correct)  and  admitted  under  proper  con- 
trol, the  flow  of  water  from  the  well  was  practically  a  continuous 
stream. 

It  is  customarv  to  use  aln  air  pipe  of  uniform  diameter  throughout, 
upon  which  is  placed  an  ordinary  stop  valve  to  control  the  air  flow  ; 
such  an  arrangement  did  not  admit  of  sufficiently  delicate  regula- 
tion to  give  the  most  economical  result.  A  small  metallic  disc  of  No. 
12  gauge  inserted  in  the  air  pipe  allowed  of  much  better  control  of  the 
air  pressures  and  also  made  it  possible  to  pump  the  same  quantities 
of  water  at  lower  pressures.  It  may  be  of  interesj;  to  know  that  with 
a  hydrostatic  head  of  80.5  lbs.  and  an  air  pressure  of  81.5  lbs.  there 
was  obtained  a  flow  of  406.3  gal.  per  min. ;  the  hydrostatic  pressure 
was  obtained  by  gauge  pressure  and  by  direct  measurement. 

The  following  is  an  example  of  flow  while  using  a  0.875  i"-  disc. 

The  submergence  before  operation  was  188.3  ft. —  (81.7  lbs. 
gauge)  and  the  lift  111.5  ft.;  after  the  water  level  had  fallen  to  its 
operating  level  there  was  a  submergence  of  182  ft. 

The  following  gauge  pressures  upon  the  well  would  give  for 

79  lbs.  a  flow  of  346  gals,  per  min. 

80  lbs.  a  flow  of  353  gals,  per  min. 

81  lbs.  a  flow  of  371  gals,  per  min. 

82  lbs.  a  flow  of  381  gals,  per  min. 
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The  pressure  could  not  be  held  at  78  lbs.  as  the  well  would  only 
flow  intermittently,  i.  c,  gush  forth  now  and  then. 

For  a  0.5  in.  disc  and  178  ft.  submergence  at  beginning,  the  well 
flowed  on  75.5  lbs.  and  gave  310  gals,  per  min.  In  endeavoring  to 
reduce  the  air  pressure  to  74.5  lbs.  the  valves  upon  the  air  pipe  would 
close  entirely  and  would  do  so  before  the  well  stopped  flowing. 
Hence  it  is  conclusively  shown  that  the  air  necessary  to  pump  310 
gals,  per  -min.  is  the  quantity  which  flows  at  an  excess  of  one  pound 
pressure  over  and  above  the  back  pressure  due  to  the  hydrostatic 
head. 

The  volume  per  minute  for  the  difference  is,  according  to  Hiscox's 
formula,  for  a  0.5  in.  orifice  in  thin  plate  96.4  ft.  free  air  which  is 
equivalent  to  0.3 1  cu.  ft.  free  air  per  gal. 

For  a  0.75  in.  disc,  same  submergence. 

75  lbs.  gave  a  flow  of  323  gals,  per  minute 

76  lbs.  gave  a  flow  of  350  gals,  per  minute. 

The  gauge  could  not  be  held  at  74  lbs.,  as  the  flow  would  be  only 
in  spurts  and  allow  the  pressure  to  vary  from  74  to  76  lbs. 

For  a  0.5  in.  disc,  160  ft.  submergence 
70  lbs.  a  flow  of  321  gals.  — pres.  head  equivalent  to  161  lbs. 
69  lbs.  a  flow  of  310  gals.— pres.  head  equivalent  to  158.7  lbs. 
68  lbs.  a  flo\v  of  293  gals. — pres.  head  equivalent  to  156.4  lbs.  , 

On  67  lbs.  the  well  stops  flowing. 

For  a  0.5625  in.  disc,  same  submergence. 

73  lbs.  331.5  same  submergence. 

72  lbs.  329.7  same  submergence. 

71  lbs.  323  same  submergence. 

70.5  lbs.  313  same  submier2:ence. 

70  lbs,  287  same  submergence. 

69  lbs.  268  same  submergence. 

Valves  closed  at  68  lbs.  pressure,  as  the  disc  was  too  large. 

The  compressed  air  for  the  test  (which  extended  over  a  period 
of  t\vo  weeks)  was  taken  from  that  furnished  by  a  cross-compound 
air  compressor  which  under  two  eight  hour  tests  developed  320  H.  P. 
for  the  steam  end  and  289.7  H.  P.  for  the  air  cylinders  while  run- 
ning under  full  load  and  compressing  to  100  lbs.  gauge  pressure. 
The  volumetric  efificiency  found  by  actual  measurements  of  the  air 
compressed  was  77.4%. 
Cost  of  Engine  H.  P.=:o.479  cents. 
Cost  of  Boiler  H.  P.r=o.834  cents. 

President  Abbott:  It  would  appear  to  me  that  in  the  case  of  a  re- 
ducing diaphragm  with  a  small  orifice  the  results  obtained  might  be 
misleading  if  the  air  compressor  was  running  at  a  constant  speed, 
without  the  introduction  of  an  obstruction  in  the  pipe  would  serve 
to  raise  the  pressure  a  few  pounds,  and  not  reduce  the  quantity  of  air 
pumped. 

Mr.  Hedrick :  I  was  careful  to  take  the  measurements.  The 
pressure  of  the  air  was  just  equal  to  the  hydrostatic  her'.d  of  the  water 
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at  all  times,  with  a  variation  in  excess  of  that  of  less  than  one-half 
pound. 

President  Abbott:  In  taking;  the  pressure  each  side  of  the 
diaphragm,  did  you  note  the  difference  ? 

Mr.  Hedrick :     It  was  usually  the  same. 

President  Abbott:  That  showed  that  the  volume  of  air  passing 
was  relatively  small. 

Mr.  H.  P.  Boardman,  m.w.s.e:  Referring  to  Fig.  8,  it  looks  to  me 
as  if  that  might  be  called  a  screw  pump,  or  is  that  a  centrifugal 
pump? 

Professor  Mead :     That  pump  is  undoubtedly  a  screw  or  propeller 

pump.     Mr.  Jackson  made  some  experiments  with  a  similar  pump, 

in  which  he  used  very  nearly  the  same  form  of  propeller ;  they  were 

'  made  to  compare  the  centrifugal  with  the  screw  pump.     The  best  he 

was  able  to  do  was  to  secure  50%  efficiency. 

In  the  an-  lift  pump  the  efficiency  is  necessarily  low  on  account  of 
the  many  transformations  of  energy  and  its  poor  method  of  applica- 
tion. The  action  of  the  air  applied,  is  simply  to  reduce  the  specific 
gravity  of  the  water,  thus  causing  the  column  to  rise  and  overflow. 
I  have  made  a  number  of  tests  with  the  air  lift  and  found  efficiencies 
running  as  low  as  8%  and  the  best  efficiency  I  have  ever  obtained  in 
practice  has  been  26%.  These  were  tests  on  air  lifts  installed  at 
various  water  works  plants.  There  is  a  great  deal  we  should  know 
about  the  air  lift  which  we  do  not. 

We  are  about  to  undertake  at  the  University  of  Wisconsin,  a  series 
of  tests  with  the  air  lift  and  expect  to  determine  as  far  as  practicable 
the  underlying  relations  between  quantities  of  air  and  water,  lift,  size 
of  air  and  discharge  pipe,  etc.  Much  of  this  may  be  known,  per- 
haps, to  the  air  lift  manufacturer,  but  the  information  is  not  well  es- 
tablished among  the  engineers. 

Mr.  Hedrick :  I  will  say  that  the  tests  which  were  made  on  the 
cross-compound  air  compressor  showed  the  cost  to  be  less  than  i 
cent  per  H.  P.  per  hour.  In  regard  to  the  slip  of  the  air  bubble,  I 
believe  there  is  a  slip  and  that  the  air  bubble  travels  through  the  water 
at  a  rate  of  about  5  feet  per  second. 

Mr.  J.  W .  Schanb,  m.w.s.e.  :  I  am  rather  surprised  at  the  ex- 
planation given  of  the  principle  involved  in  the  action  of  the  air  lift 
in  changing  the  specific  gravity  of  the  water.  I  am  interested  in  this 
only  in  connection  with  sand  pumps,  where  hydraulic  pressures  of 
150  to  200  lbs.  per  sq.  in.  are  used,  where  the  explanation  here  given 
cannot  obtain,  because  the  deeper  we  get  down  with  our  sand  pumps 
the  greater  is  the  efiiciency. 

President  Abbott:     That  is  true  with  all  air  lift  pumping. 

Mr.  Schmtb:  If  that  is  true  then  the  efficiency  for  air  lifts  must 
be  very  low,  while  that  does  not  obtain  at  all  with  the  sand  pump. 

Professor  Mead:  There  are  pumps  where  the  velocity  of  a  jet  of 
water,  air  or  steam  is  the  motive  force  which  raises  the  water ;  but  in 
the  ordinary  air  lift  the  air  acts  principally  by  reducing  the  specific 
gravity  of  the  water. 
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Mr.  Schaxib :  The  velocity  of  the  discharo^e  may  explain  the  ac- 
tion of  the  sand  pump,  as  the  method  of  discharge 'does  not  cut  anv 
tigure  either  way.The  ratio  of  depth  to  discharge  should  be  about 
as  the  author  says  :  to  get  the  best  efificiency  the  ratio  should  be  about 
50%,  but,  the  efficiency  increases  with  the  depth  so  that  for  depths  of 
100  feet  it  seems  to  work  better  than  for  depths  of  50  feet.  I  am  sur- 
prised that  the  introduction  of  air  changes  the  specific  gravity  of  the 
water  sufficient  to  raise  the  water  in  the  air  lift. 

President  Abbott:  In  the  cut  shown,  Fig.  4,  it  would  seem  that 
the  only  effect  it  could  have  would  be  to  reduce  the  weights  of  the 
column. 

Mr.  Schaub  :  The  water  in -passing  through  the  nozzle  in  the  sand 
pump  takes  up  the  surrounding  water  and  sand  with  it.  I  always 
thought  that  the  air  lift  operated  on  the  same  principle,  but  in  this  I 
ari  evidently  mistaken. 

President  Abbott:  The  air  is  discharged  at  practically  no  velocity. 
The  air  discharges  opposite  to  the  flow  of  water. 

Mr.  Boarduian  :  Why  would  not  the  principle  of  displacement  ex- 
plain this  air  lift?  Two  bodies  cannot  occupy  the  same  space  at  the 
same  time.  The  bubbles  displace  their  volume  of  water,  and  since 
there  is  no  free  outlet  for  them  they  swell  the  volume  of  the  com- 
bined column  of  water  and  air  until  it  overflows  at  the  top. 

CLOSURE. 

Mr.  Burdick:  In  reference  to  the  principle  of  operation  of  the  air 
lift  as  stated  in  the  body  of  the  paper,  when  Mr.  Frizcll  asked  for  his 
patent  on  the  ground  that  he  lifted  the  water  by  means  of  injecting 
bubbles,  thereby  lightenins:  the  specific  gravity  of  the  column  and 
causing  flow,  the  Patent  Office  rejected  the  application  on  the  ground 
that  it  was  contrary  to  physical  law.  The  Patent  Office  rightly 
claimed  that  by  no  process  could  the  air  reduce  the  specific  gravity 
of  the  column.  The  claim  of  the  formation  of  piston  like  laxers  men- 
tioned in  the  patent  of  Dr.  Pohle,  apparently  explains  the  phenome- 
non, and  yet  it  is  questionable  whether  any  such  action  takes  place. 
Reference  has  been  made  in  the  body  of  the  paper  to  an  explanation  of 
the  fundamental  principle  of  the  air  lift,  printed  in  the  Engineering 
News  of  June  8,  1893.  The  writer  believes  this  to  be  the  correct 
explanation  and  inasmuch  as  the  paper  has  brought  out  considerable 
discuspion  upon  this  point,  it  will,  perhaps,  be  of  interest  to  add  to  the 
discussion  the  explanation  referred  to.     Tt  is  as  follows: 

"In  the  pipe  E  F  suppose  the  body  M  is  placed.  It  may  be  a 
bubble,  a  piece  of  cork,  a  closed  can — anything  displacing  a  certain 
bulk  of  water  and  of  a  weight  so  small  that  it  may  be  disregarded. 
Suppose,  first,  that  the  body  M  is  attached  to  the  pipe  and  thus  pre- 
vented from  rising.  Then  the  pressure  on  a  plane  x  y  across  the 
mouth  of  the  pipe  \vill  be  as  '::reat  from  the  interior  as  from  the  ex- 
terior, notwithstanding  the  vohnre  of  water  displaced  by  the  body  M. 
We  are  so  accustomed  to  accept  this  fact,  which  the  old  text  books 
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on  physics  used  to  call  the  hydrostatic  paradox,  that  we  sometimes 
forget  the  reasons  which  lie  behind  it.  Why  is  the  downward  pres- 
sure on  the  plane  x  y  not  lessened  by  the  weight  of  the  water  which 
M  displaces  ?     Because  the  body  M  is  buoyed  upward  by  a  force  equal 
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Fig.  11.    Diagrams  Illustrating  Action  of  Air  Lift  Pump. 

to  this  weight,  that  is  to  say,  it  exerts  a  reacting  force  downward  upon 
the  water  of  this  amount,  and  thus  just  offsets  the  weight  of  the  water 
which  it  displaces. 

"Evidently  when  the  conditions  of  the  case  are  altered  and  the  body 
M  is  allowed  to  ascend,  it  can  no  longer  exert  a  lifting  force  upon 
the  pipe,  neither  can  it  exert  a  reaction  downward  upon  the  water, 
except  as  friction  and  inertia  retard  its  upward  movement.  Thus  the 
total  pressure  downward  on  the  plane  x  y  will  equal  merely  the 
weight  of  the  water  in  the  pipe  and  will  be  less  than  the  pressure  due 
to  the  head  by  the  weight  of  water  displaced  by  M. 

"A  very  neat  demonstration  of  the  theory  of  the  air-lift  pump  is 
sent  to  us  by  Prof.  Elmo  G.  Harris,  of  the  University  of  Missouri 
School  of  Mines.  When  the  body  M  rises  in  the  pipe  by  virtue  of  its 
specific  gravity,  the  water  in  the  pipe  must  flow  down  past  the  body 
with  a  velocity  which  we  will  call  v.  Where  is  the  head  to  create 
this  velocity? 
Let  0= volume  of  body. 

S=distance  through  which  body  rises  in  a  given  time. 
W=weight  of  unit  volume  of  water. 
A=:area  of  cross-section  of  pipe. 

"The  buoyancy  of  the  body:=W  O,  and  in  rising  a  distance  S  it 
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does  work=W  O  S,  which  work  is  found  in  the  downward  velocity 
V  of  the  water  past  the  body  (  provided  the  water  cannot  rise  so  high 
as  to  flow  over  the  top  of  the  pipe).    Then 

W  O  S  =  W  A  S^ 

—       -  h    —    ^ 

2g   ~       —  A 

"That  is  to  say,  the  head  which  causes  the  flow  down  past  the  body 
M,  and  which  measures  the  rise  of  water  in  the  pipe,  equals  the  vol- 
ume of  the  body  divided  by  the  area  of  cross-section  of  the  pipe. 

"If  any  of  our  readers  still  fail  to  understand  how  bubbles  of  air 
rising  through  a  pipe  can  raise  the  water  in  it,  let  them  consider 
tlie  reverse  case  and  suppose  iron  weights  dropped  through  the  water. 
It  is  evident  enough  here  that  the  greater  the  size  of  the  weight,  the 
more  will  it  tend  to  force  the  water  down  with  it  as  it  falls  through 
the  pipe ;  and  the  smaller  the  pipe,  the  more  contracted  the  passage 
for  the  water  upward  past  the  falling  weight.  The  same  law  which 
applies  to  the  bodies  heavier  than  water  applies  to  these  which  are 
lighter." 

The  explanation  of  Mr.  Mecht  as  to  recent  rising  static  water  levels 
at  Oak  Park  since  the  sale  of  the  Austin  end  of  the  plant,  and  the, 
therefore,  reduced  pumpage,  is  undoubtedly  correct. 

The  tendency  of  the  static  ground  water  level  to  rise  and  fall  with 
variations  in  the  pumpage  covering  a  considerable  period  has  been 
noticed  at  numerous  places. 

It  has  often  Dcen  noted  that  in  operating  a  gang  of  wells,  one 
or  more  of  them  may  show  a  tendency  to  flow  irregularly  One 
or  two  of  the  wells  at  Oak  Park  thus  deliver  the  water  in  gushes, 
flowing  with  great  force  for  a  period  of  from  twenty  to  forty  sec- 
onds, then  dribbling  away,  and  ceasing  to  flow  altogether  for  a  like 
f'eriod.  Measurements  of  flow  seem  to  indicate  that  they  deliver 
fully  as  much  water  as  their  more  steady  flowing  neighbors,  but 
quite  probably  at  a  reduced  efiiciency.  This  action  is  spoken  of  by 
Mr.  Hecht,  and  also  by  Mr.  Hedrick ;  it  should  not,  however,  be  con- 
fused with  the  formation  of  piSton  like  layers,  specified  by  Dr.  Pohle,- 
which  is  quite  another  matter. 

Mr.  Spurling  give?  some  interesting  matter  about  the  operation  of 
a  deep  well  ste^m  pump  at  the  Hawthorne  plant  of  the  Western 
Electric  Company,  and  a  comparison  of  same  with  a  pump  of  the 
La  Grange  type,  operated  by  electricity.  According  to  his  figures 
the  steam  pump  is  consuming  165  lbs.  of  steam,  per  H.  P.  hour, 
corresponding  to  a  steam  duty  of  12  million  foot  pounds.  His' fig- 
tires  show  that  with  electricity  at  2c  per  kw.  hour,  a  pump  of  the  La 
Grange  type  would  show  about  40%  saving.  This  saving  could 
quite  possibly  be  further  increased  by  substituting  a  high  speed 
steam  engine  for  the  electric  motor  and  driving  the  pump  with  a 
twisted  belt.     With  507^  pump  efficiency.  95%  belt  efficiency,  and 
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iX)%  engine  efficiency,  the  overall  efficiency  would  thus  be  about 
43%.  As  the  unit  is  small  an  engine  water  consumption  of  30  lbs.  per 
H.  P.  hour  could  perhaps  not  be  bettered.  This  water  rate,  with  al- 
lowance as  above  for  losses,  would  indicate  a  steam  consumption  of 
70  lbs.  water  H.  P.  hour,  corresponding  to  a  steam  duty  of  28  mil- 
lion foot  pounds,  a  fuel  economy  nearly  60%  under  the  above  steam 
pump  referred  to.  Based  upon  56%  the  reported  overall  efficiency 
of  the  vertical  shaft  centrifugal  installed  at  the  Pabst  Brewery, 
Milwaukee,  that  installation  is  capable  of  very  creditable  duty.  As 
both  quantity  and  lift  considerably  exceed  the  Hawthorne  condi- 
tions, a  higher  engine  economy  is  practicable.  It  Is  not  unreason- 
able to  expect  an  engine  water  consumption  of  22  lbs.  per  I.  H.  P. 
hour  corresponding  with  correction  for  overall  efficiency  men- 
tioned, to  39  lbs.  of  steam  per  water  H.  P.  hour,  which  is  equal  to 
a  steam  duty  of  50  million  foot  pounds.  The  actual  duty  at  La 
•  Gran'jje  is  purely  speculative  at  this  time,  but  probablv  does  not 
differ  materially  from  the  following: 

Pump  efficiency 50% 

Motor  efficiency 85% 

Line  efficiency 90% 

Generator  efficiency ^ 90% 

Total 34-5% 

As  the  electric  current  at  Maywood  is  being  generated  by  a  turbine 
of  good  size,  the  electric  consumption  of  the  pump  being  but  a 
small  fraction  of  the  total  power  generated,  it  is  not  unreasonable 
to  assume  a  turbine  steam  consumption  of  16  lbs.  per  H.  P.  hour, 
corresponding  with  allowance  for  transmission  losses  of  46.5  lbs. 
of  steam  per  water  PI.  P.  hour,  giving  a  steam  duty  for  the  pump  at 
La  Grange  of  42  million  foot  pounds. 

The  question  as  to  the  best  type  of  plant  to  adopt  is  always  gov- 
erned by  the  local  circumstances.  There  are  few  cases  where  elec- 
tric power  can  be  purchased  and  successfully  compete  with  steam, 
particularly  if  a  steam  plant  is  already  available. 

Where  several  scattered  wells  must  be  operated  electricitv  is  of 
advantage  in  that  the  power  can  all  be  generated  at  one  place  and 
transmitted  at  small  loss  for  considerable  distances. 

Apart  from  the  efficiency  of  the  pumping  devices,  there  is  a  rea- 
son at  La  Grange  for  operating  the  pump  electrically.  The  gener- 
ating station  at  Maywood  supplies  several  electric  lighting  plants, 
and  will  ultimately  supply  several  city  water  works  systems.  The 
advantage  therefore  of  using  electricity  in  pumping  the  wells  is  ob- 
vious. 

As  has  been  brought  out  in  the  discussion,  the  wear  upon  bearings 
in  high  speed  pumps  is  a  consideration  which  should  receive  careful 
thought.  Such  evidence  as  we  have  indicates  that  with  clear  water 
the  question  of  wear  in  properly  designed  machines  is  not  of  serious 
moment.    Prof.  Mead  cites  two  instances  that  bear  upon  this  point, 
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and  the  experience  at  La  Gran  e,  so  far  as  it  has  gone,  has  been 
entirely  satisfactory.  One  of  the  units  has  been  in  operation  for 
about  ei.Q-ht  months  without  being  taken  out  of  ihc  well,  and  without 
giving  signs  of  distress  from  any  cause  whatever.  When  first  placed 
in  operation  the  bearings  were  given  a  small  amount  of  oil  through 
pipes  provided  for  the  purpose.  Lately  no  oil  has  been  used,  the 
water  being  apparently  sufficient  for  the  purpose. 

This  seems  to  be  in  accord  with  experience  elsewhere  with  this 
type  of  machinery. 

It  is  understood  that  the  Wood  Propeller  Pump  has  been  applied 
in  some  situations  where  much  difficulty  was  experienced  with  the 
bearings  in  water  containing  sand  or  grit,  and  to  overcome  this  dif- 
ficulty Mr.  Wood  has  designed  a  special  sponge  packed  bearing  to 
protect  the  running  surfaces.  In  the  pumping  of  such  waters  there 
is  little  doubt  but  that  any  high  speed  pump  will  give  more  or  less 
trouble,  but  fortunately  in  the  pumping  of  deep  well  waters  usually 
a  clear  water  only  has  to  be  handled. 

Mr.  Hedrick  has  presented  some  interesting  data,  but  he  has  ap- 
parently drawn  some  conclusions  that  do  not  seem  to  the  writer 
to  be  warranted  by  the  data  that  he  presents'  In  the  opinion  of  the 
writer,  it  is  questionable  whether  even  an  approximate  measurement 
of  the  air  supply  can  be  secured  by  a  discharge  through  an  orifice 
under  so  small  a  difference  as  one  pound  drop  in  pressure,  with  the 
ordinary  means  for  making  the  observations.  In  a  problem  involving 
so  many  variables  as  that  of  the  air-lift  it  is  a  difficult  matter  to  draw 
deductions  of  general  application  without  special  facilities  for  test- 
ing, and  the  observation  of  results  through  some  considerable  range 
of  each  of  the  various  factors.  The  experimental  engineering  depart- 
ment of  our  Universities  are  particularly  fitted  to  do  this  work,  and 
the  profession  will  watch  with  interest  and  profit  the  experiments 
upon  the  air-lift  that  Prof.  Mead  has  in  contemplation  at  Madison. 


THE  DETERMINATION  OF  TELEPHONE  RATES  FOR  LARGE  EXCHANGES. 

By  Wm.  H.  Crumb 
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The  object  of  this  paper  is  to  point  out  some  of  the  many  ques- 
tions which  must  be  given  careful  consideration  in  order  to  properly 
establish  equitable  rates  for  large  telephone  exchanges,  and  makes 
no  pretense  of  a  suggestion  as  to  what  the  particular  rates  should 
be,  as  such  a  determination  is  only  possible  after  a  careful  considera- 
tion of  all  of  the  questions  mentioned  for  any  particular  case  to 
which  they  may  be  applied.  Much  of  the  information  and  particu- 
larly the  charts  and  curves  herewith  contained  were  included  in  a 
report  made  by  a  special  commission  composed  of  Prof.  Dugald  C, 
Jackson,  Dr.  George  W.  Wilder  and  the  author,  selected  by  the  city 
of  Chicago  to  investigate  matters  pertaining  to  the  telephone  situa- 
tion in  this  city. 

The  art  of  communicating  by  telephone  is  one  of  the  most  useful 
economic  agencies  deVised  by  man,  the  development  of  which  im- 
poses a  great  duty  upon  any  who  undertake  the  furnishing  of  tele- 
phone service ;  therefore  it  is  the  duty  of  any  firm  or  corporation 
organized  for  the  purpose  of  furnishing  telephone  service  in  any 
community,  and  especially  in  a  large  city,  to  thoroughly  develop  the 
field  in  which  they  operate  and  supply  good  telephone  service  at 
reasonable  rates.  This  duty  involves  a  problem  in  many  respects 
more  complex  than  that  of  any  other  public  utility  corporation,  and 
is  partially  caused  by  the  personal  element  of  the  telephone  user, 
partially  by  the  relatively  large  number  of  classes  of  service  which 
the  telephone  company  must  offer  to  its  patrons  for  the  purpose  of 
fully  developing  its  service,  and  partially  by  the  intangible  character 
of  the  electric  medium  with  which  the  telephone  business  is  carried 
on,  the  delicacy  of  the  apparatus  used  and  the  wide  difference  in  the 
manner  and  extent  of  the  use  of  the  apparatus  by  the  varoius  sub- 
scribers. 

Telephone  service  contemplates  the.  furnishing  of  facilities  and 
setting  up  of  electrical  connections  so  that  a  person  from  any  sub- 
scriber's station  may  communicate  with  or  receive  communications 
from  a  person  at  any  other  subscriber's  station  which  may  be  con- 
nected to  the  system.  The  successful  and  satisfactory  accomplish- 
ment of  this  depends  upon  many  manual,  mechanical  and  electrical 
operations,  over  some  of  which  the  telephone  company  has  no  con- 
trol. 

The  demand  for  telephone  service  is  very  extensive  and  varied, 
and  the  company  supplying  it  must  be  prepared  to  take  care  of  the 
requirements  of  a  range  of  patrons  as  wide  as  the  range  of  the  city 
itself,  including  the  largest  business  organizations,  hotels,  newspa- 
pers, professional  men,  small  business  houses  and  residences  of  all 
classes.     It  must  provide  apparatus  for  the  service  of  each  class  of 
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patrons  which  will  enable  it  to  furnish  service  to  each  subscriber  at 
an  appropriate  price  within  his  means.  It  is  desirable  that  the  prices 
be  graded  so  that  the  lar^^e  user  shall  not  pay  less  than  his  fair  share 
of  the  expense  for  maintaining  the  telephone  and  remunerating  the 
company  for  its  investment ;  and  equally  so  that  the  small  user  may 
get  his  service  at  a  price  which  is  within  his  means  and  yet  is  rea- 
sonably remunerative  to  the  company  for  its  outlay.  The  great 
problem  which  confronts  all  telephone  companies  of  today  is  that 
of  supplying  a  good  quality  of  telephone  service  to  the  small  user  at 
a  price  which  he  can  afford  to  pay  and  still  leave  a  fair  margin  of 
profit  to  the  company. 

It  must  be  assumed  that  any  organization  engaged  in  supplying 
telephone  service  has  entered  into  that  business  with  the  primary 
object  of  a  profitable  investment  for  capital,  and  rates  must  be  fixed 
and  charges  made  with  this  point  always  in  view.  No  company  en- 
gaged in  such  a  beneficial  undertaking  as  this  should  be  wrongly 
guided  or  compelled,  either  of  itself  or  through  legislative  regula- 
tion, to  adopt  or  put  into  force  rates  which  will  not  insure  a  reasona- 
ble profit,  for  by  so  doing  the  development  of  this  great  and  useful 
industry  will  be  seriously  retarded,  and  its  benefits  denied  to  those 
who  are  entitled  to  it. 

In  order  to  give  the  best  possible  telephone  service  the  following 
features  must  be  maintained  at  the  highest  possible  standard : 

The  telephone  plant  should  be  engineered  and  constructed  along 
broad  lines,  with  ample  facilities  for  handling  the  business  and  tak- 
ing care  of.  future  growth,  and  should  at  all  times  be  well  maintained 
in  first  class  working  order. 

There  should  be  provided  suitable  means  for  quickly  and  accu- 
rately connecting  and  disconnecting  subscribers'  lines,  also  for  sig- 
nalling the  subscriber  desired  without  the  knowledge  of  any  other 
subscriber. 

All  lines  should  be  free  from  inductive  disturbances  and  of  suffi- 
cient carrying  capacity  to  provide  for  a  high  standard  of  transmis- 
sion. 

The  speech  transmitting  and  receiving  devices  should  be  of  the 
best  quality  and  carefully  maintained. 

The  number  of  cut-offs  which  interrupt  communications,  the  num- 
ber of  busy  reports  and  other  unavailing  calls,  and  all  interferences 
with  conversations  between  subscribers  should  be  reduced  to  a  mini- 
mum. 

The  work  required  of  subscribers  should  be  reduced  to  a  mini- 
mum. 

All  of  the  plant  employed  in  producing  service  should  be  under 
the  control  of  one  corporation  or  organization. 

The  company  furnishing  service  should  provide  courteous  treat- 
ment to  all  of  its  subscribers,  and  .should  promptly  and  fully  follow 
up  and  satisfactorily  adjust  all  complaints. 

An  accurate  directory  of  subscribers  telephone  numbers  should 
be  provided. 
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There  are  two  general  methods  which  have  been  adopted  by  tele- 
phone companies  of  charging  for  telephone  service,  namely ;  the  tiat 
rate  method  and  the  measured  service  method. 

The  term  flat  rate  ordinarily  means  the  manner  of  charging  for 
service  which  consists  of  a  fixed  price  per  year  for  furnishing  the 
subscriber  with  a  telephone  instrument  in  his  place  of  business  or 
residence  and  a  suitable  line  or  lines  and  means  of  connecting,  so 
that  he  may  converse  with  other  subscribers  at  will.  This  method 
is  a  survival  of  the  idea  that  the  telephone  company  rents  apparatus 
and  telephone  lines,  and  is  based  upon  the  theory  that  the  cost  of 
providing  service  to  any  subscriber  to  a  particular  class  of  service 
will  be  very  nearly  equal  to  the  average  cost  in  that  class  of  service. 
When  flat  rates  are  charged  the  telephone  subscribers  are  ordinarily 
divided  into  two  classes  of  service,  business  subscribers  and  residence 
subscribers.  These  classes  may  be  sub-divided  by  placing  2,  3,  4 
or  more  subscribers  upon  a  party  line,  which  sub-divisions  are  made 
on  the  basis  of  differences  in  the  amount  of  equipment  required  for 
each  subscriber.  All  subscribers  to  flat  rate  service  are  authorized 
to  make  as  frequent  use  of  the  telephone  as  their  requirem.ents  or 
convenience  warrants,  and  all  subscribers  to  the  same  class  of  ser- 
vice are  presumed  to  pay  the  same  price.  The  warrant  for  this 
equality  in  price  charged  subscribers  who  may  make  use  of  their 
telephones  in  widely  different  degrees  lies  only  in  an  assumption 
that  the  expense  of  the  service  is  almost  altogether  a  matter  of  pro- 
viding lines  and  apparatus,  and  that  the  cost  of  providing  each  sub- 
scriber's service  is  practically  the  same  for  all  subscribers  in  that 
particular  class.  The  greatest  range  of  rates  that  it  is  possible  to 
make  with  a  flat  rate  arrangement  is  relatively  small.  The  difference 
between  the  highest  paying  flat  rate  subscriber  and  the  lowest  paying 
flat  rate  subscriber  being  relatively  small  tends  to  retard  telephone 
development  and  prevent  its  general  use.  Assuming  that  the  total 
receipts  of  the  telephone  company  operating  under  flat  rates  are 
sufficient  to  pay  the  cost  of  operating  and  maintaining  the  service 
and  produce  a  reasonable  profit  on  the  investment,  it  is  evident  on 
account  of  the  very  unequal  use  of  the  service  by  the  different  sub- 
scribers that  the  small  users  manifestly  pay  more  than  their  service 
requires,  while  the  large  users,  who  keep  their  telephones  constantly 
busy,  receive  a  service  of  much  greater  value  and  more  expensive  to 
the  company  than  is  justified  by  the  annual  amount  which  they  pay. 
The  large  use  of  busy  flat  rate  lines  interferes  with  the  traffic  of 
the  small  users  by  keeping  their  lines  so  busy  that  the  small  users 
are  unable  to  conveniently  get  into  communication  with  them,  thus 
causing  unavailing  calls«which  are  expensive  to  the  company  and 
annoying  to  the  subscribers. 

The  term  measured  rate  service  ordinarily  means  service  which  is 
carried  on  upon  the  assumption  that  the  telephone  company  is  or- 
ganized for  the  purpose  of  giving  telephone  service  as  distinguished 
from  the  renting  of  instruments.     It  is  of  course  obvious  that  the 
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company  must  furnish  its  subscribers  with  suitable  telephone  instru- 
ments and  lines  and  also  provide  the  necessary  equipment  for  mak- 
ing connections  between  subscribers'  lines,  which  is  made  purely  for 
the  purpose  of  enabling  subscribers  to  transmit  messages  between 
each  other  with  the  greatest  practicable  convenience  and  dispatch. 
It  is  the  business  of  the  telephone  company  to  provide  the  means  for 
the  transmission  of  messages,  and  measured  rates  go  upon  the  as- 
sumption that  the  telephone  company  should  be  paid  for  the  perform- 
ance of  this  specific  service.  Since  it  is  necessary  for  the  company 
to  go  to  considerable  expense  to  provide  the  subscriber  with  facilities 
for  the  transmission  of  messages,  it  is  appropriate  for  the  company 
making  measured  rate  charges  to  exact  a  guarantee  that  there  shall 
not  be  less  than  a  fixed  minimum  number  of  messages,  or  that  the 
rate  paid  shall  not  fall  below  a  certain  reasonable  amount  per  an- 
num. This  amount  usually  includes  the  transmission  of  messages 
up  to  an  appropriate  number,  over  and  above  which  an  additional 
charge  may  properly  be  made  per  message.  The  ideal  method  of 
charging  for  telephone  service  is  obviously  to  charge  the  subscriber 
in  proportion  to  the  service  which  he  receives,  and  to  make  the 
charges  to  all  subscribers  as  low  as  is  consistent  with  the  operation 
and  maintenance  of  the  property  and  the  payment  of  a  fair  return 
on  the  money  invested.  The  measured  rate  arrangement  manifestly 
makes  it  possible  to  reduce  prices  to  the  small  telephone  user  to  the 
smallest  possible  annual  charge,  that  is  to  a  charge  which  is  just 
sufficient  to  cover  a  reasonable  interest  and  depreciation  for  the  por- 
tion of  the  plant  that  must  be  set  aside  for  the  individual  user  (or  the 
average  of  the  users  of  his  particular  class)  increased  by  an  amount 
which  is  proportional  to  the  actual  number  of  messages  transmitted 
from  his  telephone  in  a  year.  It  is  only  by  this  arrangement  that 
large  city  service  may  be  extended  to  small  business  men  and  small 
residence  and  apartment  dwellers,  whose  demand  for  service  may 
not  warrant  them  in  paying  more  than  $18.00  to  $24.00  per  year,  and 
this  sort  of  subscriber  constitutes  a  remarkable  proportion  of  the 
total  telephone  using  population  of  a  large  city. 

In  all  other  lines  of  business  where  articles  or  service  are  sold,  the 
selling  price  of  each  article  or  class  of  service  is  based  upon  the 
cost  of  producing  the  particular  article  or  the  class  of  service  ren- 
dered. It  is  true  that  in  some  cases  these  items  of  cost  are  based 
upon  averages,  but  they  are  usually  determined  from  detailed  knowl- 
edge in  such  a  way  that  where  averages  are  used  cost  prices  are 
arrived  at  with  considerable  accuracy.  Strange  as  it  may  seem 
telephone  companies  have  made  no  successful  efforts  to  arrive  at  the 
detailed  costs  of  furnishing  the  dift'erent  class«  of  service,  and  the 
problems  relating  to  each  class  of  service  and  the  proper  charges 
for  different  classes  of  service  have  not  been  worked  out  in  a  suit- 
able manner.  The  telephone  companies  apparently  have  been  so 
fully  engaged  in  the  extension  of  their  business  and  the  extension 
and  improvement  of  their  plants  that  they  have  not  found  men  or 
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time  to  work  out  the  details  of  operating  economies  and  the  best 
methods  of  handling  service  of  different  classes  of  subscribers  in  the 
way  railroads,  traction  companies,  electric  light  companies  and  vari- 
ous other  public  utility  corporations  have  been  working  out  the  de- 
tails of  economy  relating  to  the  processes  of  their  operation.  Rec- 
ords have  not  been  kept  in  such  detail  nor  in  such  manner  as  to 
afford  appropriate  data  for  fixing  rates,  and  in  every  instance  tele- 
phone rates  seem  to  have  been  dictated  by  estimates  based  upon 
experience  or  the  requirements  of  business  expediency  instead  of  be- 
ing founded  on  a  knowledge  of  the  cost  of  producing  different  classes 
of  service.  Telephone  companies  seem  to  go  on  the  belief  that  their 
business  is  satisfactory  if  the  total  receipts  of  a  year's  business  show 
a  profit,  and  they  have  heretofore  apparently  neglected  to  consider 
more  than  superficially  the  essential  question  of  whether  the  rates 
charged  dealt  fairly  by  the  different  classes  of  subscribers.  It  is  an 
unfortunate  condition  in  the  telephone  business  that  the*  telephone 
instrument  should  be  generally  adopted  as  the  unit  upon  which  tele- 
phone rates  are  based  instead  of  the  telephone  message,  the  instru- 
ment being  provided  simply  to  enable  the  subscriber  to  transmit 
messages. 

In  order  to  determine  the  proper  rates  to  charge  for  different 
classes  of  service  it  is  necessary  to  first  ascertain  the  cost  of  produc- 
ing each  class  of  service.  This  cost  of  production  is  made  up  of  five 
principal  items  as  follows:  (i)  Plant  investment.  (2)  Operating 
expenses.  (3)  Maintenance  expenses.  (4)  General  expenses.  (5) 
Depreciation  and  insurance. 

The  object  of  constructing  a  telephone  plant  is  to  provide  facili- 
ties for  furnishing  telephone  service,  and  it  must  be  assumed  that 
when  a  plant  is  constructed  it  is  to  be  built  with  the  idea  of  fully 
developing  the  telephone  business  in  its  particular  locality,  and  in 
order  to  do  this  it  is  necessary  to  construct  the  plant  in  such  a  manner 
that  various  classes  of  service  may  be  furnished  in  order  to  fully 
meet  the  requirements  of  the  various  classes  of  telephone  users.  A 
telephone  plant  in  a  large  city  usually  consists  of  a  group  of  central 
offices,  each  one  of  which  is  connected  to  all  the  others  by  a  system 
of  trunk  lines  and  radiating  from  each  are  the  lines  extending  to 
the  various  subscribers  premises.  Each  central  offiice  is  provided 
with  suitable  switchboards  so  that  connections  between  subscribers 
lines  can  be  quickly  made.  The  amount  of  capital  necessary  to  in- 
vest in  the  construction  of  a  telephone  exchange  necessarily  depends 
largely  upon  the  local  conditions  and  also  upon  the  requirements 
which  may  be  placed  upon  the  companv  by  city  regulations.  Some 
of  the  principal  features  which  go  to  determine  cost  of  construction 
are  as  follows :  Number  and  location  of  central  offices.  Price  of 
real  estate.  Average  length  of  subscribers  lines.  Character  of  pub- 
lic improvements.  Municipal  requirements.  Traffic  requirements. 
Provisions  for  growth  and  development  of  the  business. 

It  is  the  object  of  the  telephone  engineer  in  designing  a  telephone 
system  to  so  plan  the  plant  that  it  may  be  constructed  in  the  most 
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economical  manner  to  fully  meet  the  present  and  future  telephone 
requirements  of  the  locality  in  which  it  is  built.  One  of  the  first  and 
most  important  matters  to  be  given  consideration  is  the  number  and 
location  of  central  offices.  It  is  impracticable  with  our  present 
method  of  manual  telephone  operation  to  connect  more  than  lo  to 
12  thousand  sub.^oribers  lines  to  a  single  multiple  switchboard,  so 
that  the  maximum  grouping  of  subscribers  lines  on  one  board  is  thus 
limited  to  that  number.  It  is  possible,  however,  to  group  two  or 
more  switchboards  on  the  same  premises  so  that  centers  of  distribu- 
tion for  an  unlimited  number  of  subscribers  may  be  located  at  will. 
Tlie  most  economical  location  of  central  offices  is  that  which  will 
provide  for  the  shortest  average  length  of  subscribers  line  and  still 
limit  the  number  of  central  offices  so  that  the  percenta;.a:e  of  trunk 
calls  will  be  reduced  to  a  minimum  and  the  investment  in  trunking 
plant  likewise  reduced  to  a  minimum.  The  price  of  real  estate  has 
much  to  do  with  determining  the  location  of  central  offices,  and 
usually  is  a  very  considerable  factor  in  the  construction  cost. of  all 
large  exchanges.  Character  of  public  improvements,  principally  that 
of  street  paving,  is  responsible  for  a  great  deal  of  the  expense  of 
constructing  telephone  plants,  as  in  all  large  cities  considerable 
amounts  of  underground  conduits  have  to  be  installed,  and  it  is  of 
course  much  more  expensive  to  lay  these  in  paved  streets  than  in 
unpaved  ones.  Municipal  requirements  also  influence  construction 
costs  considerably,  the  principal  requirement  being  that  which  com- 
pels telephone  companies  to  place  all  wires  within  certain  localities 
in  underground  conduits,  and  also  those  which  make  it  necessary 
for  a  company  to  replace  portions  of  its  aerial  plant  with  under- 
ground conduits  and  cables.  The  small  telephone  user  may  be  pro- 
vided with  ample  facilities  for  handling  his  telephone  traffic  by 
means  of  a  party  line,  whereby  several  subscribers  may  be  connec-  ' 
ted  to  the  same  line,  the  number  being  directly  dependent  upon  the 
in  and  out  traffic  of  the  total  number  of  subscribers  connected  to  the 
line.  The  subscriber  of  larger  use  requires  a  single  line  and  this  is 
graded  up  to  the  largest  user  with  a  private  branch  exchange  and 
several  trunk  lines,  all  of  which  are  directly  in  proportion  to  the 
amount  of  traffic  which  the  telephone  user  has. 

It  would  indeed  be  a  simple  problem  for  the  telephone  engineer 
to  design  an  economical  telephone  plant  for  any  given  number  of 
subscribers  whose  locations  and  traffic  requirements  were  known 
and  would  remain  permanent,  but  the  telephone  business  is  develop- 
ing and  extending  at  such  a  remarkably  rapid  rate  that  it  is  neces- 
sary in  designing  a  telephone  plant  to  look  far  into  the  future  in 
order  that  the  work  done  now  may  become  an  economical  part  of 
the  ])lant  years  in  advance.  The  history  of  the  telephone  business 
has  been  so  short  that  no  well  defined  laws  of  development  have 
been  arrived  at.  Yet  experience  teaches  that  past  estimates  of  fu- 
ture development  have  been  very  much  underestimated  and  that  in 
the  future  we  have  reason  to  look  forward  to  even  greater  develop- 
ment than  that  of  the  past.    Less  than  fifteen  years  ago  there  was  no 
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telephone  exchange  system  with  as  many  as  10,000  subscribers 
served  by  the  system ;  at  that  time  the  number  of  telephones  in 
Chicago  was  considerably  under  10,000.  Only  seven  years  ago  there 
were  less  than  25,000  telephones  in  Chicago,  and  at  about  that  time 
the  present  tremendous  rate  of  growth  in  the  number  of  telephones 
began,  the  average  increase  during  the  last  five  years  being  at  the 
rate  of  approximately  20,000  per  year.  A  similar  increase  in  the 
growth  of  the  number  of  telephones  began  in  New  York  City  a 
couple  of  years  earlier. 

In  Fig.  I  is  shown  the  growth  and  number  of  telephones  in  use  in 
Chicago  and  New  York  from  1893  to  August,  1906.     This  rapid 
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growth  demands  a  large  idle  investment  in  plant  cost,  as  in  most 
cases  it  is  more  economical,  and  in  others  absolutely  necessary,  to 
make  plant  additions  in  large  units  to  provide  facilities  which  re- 
main idle  until  the  growth  of  the  plant  has  made  ther  use  necessary, 
at  whfch  time  large  additional  investment  must  be  made. 

In  designing  a  telephone  plant  which  will  economically  meet  the 
requirements  for  future  service,  it  is  necessary  for  the  engineer  to 
give  careful  consideration  to  the  past  and  probable  future  growth  in 
population  of  the  city,  and  of  the  past  and  probable  future  percentage 
of  telephone  development  in  the  city.  Fig.  2  and  Fig.  3  show  the 
growth  of  population  in  the  city  of  Chicago  in  the  past  and  the  esti- 
mated future  growth.  The  population  given  by  the  United  States 
census  at  the  end  of  each  decade  is  shown  by  the  black  dots  on  Fig. 
2 ;  the  open  circles  show  the  population  given  by  the  school  census 
reports.  The  full  curved  line  indicates  tlie  average  growth  of  the 
city  and  illustrates  the  tremendous  rate  at  which  the  city  has  been 
growing  daring  the  past  decade,  and  that  there  is  no  tendency  to- 
ward a  falling  off  in  this  growth.  Curves  A,  B  and  C  in  Fig.  3  show 
estimates  of  the  city's  future  population  as  given  by  Mr.  Bion  J. 
Arnold  in  his  report  on  the  traction  situation,  starting  with  an  as- 
sumption of  2,100,000  inhabitants  in  1902.  Curve  D  shows  an  esti- 
mate of  future  population  made  by  City  Statistician  Grosser.  Mr, 
Arnold's  average  curve  (Curve  B)  and  Mr.  Grosser's  curve  cross 
each  other  at  the  year  1928,  and  the  indication  of  the  curves  is  that 
the  population  of  the  city  will  be  not  far  from  5.000,000  inhabitants 
twenty  years  hence.  Curve  A  is  Mr.  Arnold's  minimum  estimate 
and  Curve  C  is  his  maximum  estimate  of  future  growth  in  popula- 
tion of  the  city. 
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Fig.  Xo.  4.     Showing  growth  of  area  of  the  Citj^  of  Qiicago. 

In  Fig.  4  is  shown  the  way  in  which  the  area  of  the  city  of  Chi- 
cago has  been  growing,  from  which  it  will  be  seen  that  from  1889 
to  1899  the  area  of  the  city  has  increased  practically  twenty  square 
miles,  which  is  at  the  rate  of  two  square  miles  per  annum  ;  and  it  is 
very  probable  that  future  additions  to  the  area  of  the  city  may  be 
expected  from  time  to  time  during  the  next  several  years. 

The  increase  and  percentage  of  telephone  development  in  Chicago 
since   1894,  is  shown  in  Fig.   5.  By  percentage  of  development,  is 
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meant  the  number  of  telephones  in  use  for  each  lOO  inhabitants.  It. 
will  be  seen  that  this  percentage  has  increased  at  a  very  rapid  rate ; 
and  it  is  to  be  expected  that  this  development  will  expand  with  im- 
proved and  cheaper  service  until  there  are  at  least  lo  telephones  to 
every  lOO  inhabitants  and  that  the  telephone  development  which 
should  be  planned  on  to  occur  in  the  city  of  Chicago  at  the  end  .of 
the  next  twenty  years  should  be  made  with  a  view  to  providing  a  sys- 
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Fig.  No.  5.     Showing  number  of  telephones  in   use  in  Chicago   for  each  one 

hundred  inhabitants. 


tern  with  as  many  as  500,000  telephones  and  perhaps  600,000  tele- 
phones ;  400,000  telephones  is  too  low  an  estimate  to  be  reasonable, 
especially  in  consideration  of  the  fact  that  a  first  class  and  cheaper 
service  is  likely  to  increase  the  percentage  of  development  beyond  10 
per  cent,  and  may  increase  that  deevlopment  to  a  point  where  as 
many  as  15  telephones  may  be  needed  for  each  100  inhabitants. 

In  Fig.  6  is  shown  the  change  in  the  average  price  paid  each  year 
per  telephone  and  the  average  number  of  telephones  in  use  during 
the  year  in  the  Chicago  city  exchanges  for  the  past  ten  years,  while 
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Fig.    Xo.  6.     Showing  the  change  in   the  average  price  paid   each  year   per 
telephone  in  Chicago  for  the  last  ten  years. 

Fig.  7  shows  the  same  information  for  the  neighborhood  exchange 
districts.  These  charts  illustrate  the  way  in  which  telephone  devel- 
opment has  heretofore  increased  as  the  price  per  telephone  has  de- 
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creased.  A  consideration  of  the  manner  of  charging  must  be  made 
with  due  provision  for  the  tremendous  number  of  telephones  that 
an  operating  company  wouM  be  called  upon  to  provide  within  a  few 
years. 
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Fig.  No.  7.  Showing  the  change  in  the  average  price  paid  per  year  each 
year  per  telephone  in  the  neighborhood  exchange  districts  for  the  last  ten 
years. 

The  growth  of  the  dififerent  classes  of  service  since  August,  1901, 
is  shown  in  Fig.  8.  It  will  be  observed  that  during  this  period, 
measured  rate  telephones  have  increased  in  number  very  much  more 
rapidly  than  the  flat  rate  telephones,   10  party  line  telephones  and 
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private  branch  exchange  telephones  belonqing-  to  the  measured  rate 
class.  The  flat  rate  business  and  residence  telephones  have  not  in- 
creased in  a  very  large  degree.  As  is  shown  in  this  chart  the  great 
growth  in  the  number  of  telephones  operated  b\-  the  Chicago  Tele- 
phone company  has  been  due  to  the  introduction  of  the  measured 
service  method  of  charging  for  telephones.  The  decrease  in  the 
average  price  paid  per  telephone  from  1897  to  1906  is  shown  in  Fig, 
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Showing  the  growth  of  the  different  classes  of   service  in  the 
Chicago  exchange  district  since  August  1901. 


6,  this  average  having  decreased  from  $123.53  ^"  ^^97  to  $53.29  in 
1906.  This  decrease  in  average  price  was  made  possible  by  the  in- 
troduction of  the  measured  rate,  under  which  the  operating  and 
maintenance  expenses  are  less  than  under  the  flat  rate,  because  the 
subscribers  restrict  the  use  of  the  telephones  to  their  actual  needs  and 
the  lower  prices  make  it  possible  for  people  whose  requirements  for 
telephone  service  are  limited  to  provide  themselves  with  such  facili- 
ties. 

The  cost  of  operating  a  telephone  plant  is  directly  proportional 
to  the  traffic  and  not  proportional  to  the  number  of  telephones  in 
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service  as  is  so  often  erroneously  presumed.  This  error  has  been 
made  by  considering  the  telephone  as  the  unit  in  the  determination 
of  costs  instead  of  the  message.  In  order  to  provide  good  telephone 
service  good  operating  conditions  should  be  maintained,  which 
means  that  in  addition  to  a  well  constructed  plant  the  various  sub- 
scribers should  be  provided  with  a  suitable  number  of  lines  to  fully 
meet  the  demands  of  their  service.  Under  the  flat  rate  method  of 
charging,  subscribers,  in  order  to  economize  their  telephone  bills, 
often  restrict  themselves  with  regard  to  the  facilities  which  they 
contract  for  so  that  their  lines  are  very  much  overloaded  with  traffic, 
tliereby  causing  a  large  number  of  busy  reports  which  are  annoying 
to  the  subscriber  and  expensive  to  the  company.  If  the  measured 
rate  service  is  established  the  charge  per  message  should  be  made 
so  that  the  telephone  company  will  receive  a  reasonable  profit  on  its 
investment  without  overloading  its  lines  with  traffic,  and  so  that  the 
subscribers  can  provide  themselves,  without  additional  cost  per  mes- 
sage, with  additional  facilities  as  their  traffic  increases  beyond  the 
fair  working  capacity  of  the  lines  they  have  contracted  for  . 
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Fig.  No.  9.  Record  of  observations  made  for  the  purpose  of  learning  the 
relation  between  the  number  of  times  a  line  is  used  in  an  hour  and  the 
number  of  times  the  line  is  reported  busy  during  the  hour. 
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In  Fig.  9  is  shown  a  record  of  observations  made  for  the  purpose 
of  learning  the  relation  between  the  number  of  times  a  Hne  is  used 
in  an  hour  and  the  number  of  times  the  Hne  is  reported  busy  during 
the  hour.  By  the  phrase  "number  of  times  a  hne  is  used  in  an  hour" 
is  meant  the  exact  number  of  outgoing  and  incoming  messages 
which  pass  over  the  Hne  in  the  hour.  This  curve  is  made  up  from  a 
large  number  of  observations  and  is  believed  to  be  fairly  representa- 
tive of  conditions.  It  will  be  observed  that  if  a  line  is  used  1 1  times 
an  hour  it  may  be  expected  to  be  reported  busy  at  least  twice  during 
the  hour  to  calling  subscribers  who  desire  to  communicate  with  that 
line ;  but,  if  it  is  used  21  times  an  hour  it  may  be  expected  to  be  re- 
ported busy  no  less  than  10  times.  This  plainly  shows  that  the  una- 
vailing calls  increase  at  a  tremendous  rate  as  tlie  load  on  a  telephone 
line  increases.  The  fact  that  flat  rate  subscribers  have  a  tendency 
toward  the  overloading  of  their  lines,  thus  causing  an  undue  number 
of  busy  reports,  is  a  very  substantial  reason  why  it  costs  more  per 
message  to  produce  flat  rate  telephone  service  than  measured  rate. 

There  is  indicated  in  Fig.  10  the  way  the  total  number  of  calls 
emanating  from  telephones  in  the  Chicago  exchange  district  have 
increased  since  1893.  For  the  purpose  of  these  charts  a  call  is 
counted  each  time  a  subscriber  takes  his  receiver  from  the  hook  and 
his  signal  is  answered  by  the  operator.  Of  the  total  number  of  calls 
on  each  week  day,  which  at  present  average  nearly  a  million  in  the 
Chicago  exchange  district,  about  one-third  of  the  traffic  as  now  han- 
dled constitute  unavailing  calls,  that  is  calls  made  by  subscribers 
which  prove  to  be  futile  eflforts  and  do  not  mature  into  messages  be- 
cause the  line  called  for  is  found  to  be  busy,  or  the  called  for  sub- 
scriber fails  to  answer  his  telephone,  or  any  of  the  various  other 
fertile  reasons  for  failure  of  a  call  to  be  completed  into  a  message. 
Each  of  these  calls  means  cost  for  the  operations  performed.  To 
bring  about  good  and  cheap  telephone  service  it  is  necessary  to  re- 
duce these  unavailing  calls  to  the  lowest  possible  number  and  espec- 
ially to  reduce  the  frequency,  called  for  lines  are  found  to  be  busy. 
Such  busy  reports  now  constitute  in  Chicago  about  one-half  of  the 
total  unavailing  calls,  the  average  being  16  per  cent  of  the  total 
number  of  calls,  and  this  is  in  a  large  degree  due  to  the  overuse  of 
flat  rate  telephones ;  but  with  a  measured  service  the  telephone  sub- 
scriber restricts  his  messages  to  his  business  or  social  necessities  and 
is  able  to  provide  himself  with  facilities  enough  to  handle  his  busi- 
ness without  overloading  his  line  or  lines.  Frivolous  and  useless  mes- 
sages are  largely  cut  ofT  by  the  introduction  of  measured  rates,  since 
even  a  small  charge  per  message  acts  as  a  marked  deterrent  to  the 
needless  use  of  the  telephone.  This  is  illustrated  by  the  line  repre- 
senting the  average  number  of  daily  calls  made  from  each  telephone 
shown  by  Fig.  10.  The  number  of  telephones  has  been  steadily  in- 
creasing, as  shown  in  Fig.  i,  and  the  total  number  of  calls  per  day 
has  also  been  steadily  increasing,  but  the  average  number  of  daily 
calls  emanating  from  the  individual  telephones  began  to  decrease  in 
1899  and  has  decreased  from  an  average  approximating  16  calls  per 
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telephone  per  day  to  an  average  approximating  9  calls  per  telephone 
per  day.  The  time  that  this  decrease  began  is  concur'-ent  with  the 
introduction  of  measured  rates,  and  during  the  four  years  while 
measured  rates  were  coming  into  vogue  the  average  daily  calls  per 
telephone  were  steadily  decreasing  until  now  they  have  reached  an 
apparent  fixed  value. 

It  is  unfortunate  that  reliable  data  is  not  available  whereby  the 
exact  cost  per  message  of  producing  telephone  service  can  be  ob- 
tained. However,  considering  Fig.  6  in  conjunction  with  Fig.  10  we 
observe  that  the  decrease  in  the  average  price  per  telephone  per  year 
has.  been  concurrent  with  a  corresponding  decrease  in  the  average 
number  of  calls  per  telephone  per  day,  and  consequently  the  aver- 
age number  of  calls  per  year.  It  has  been  this  decrease  in  traffic 
per  telephone  that  has  made  it  possible  for  the  telephone  company 
to  decrease  its  average  rate  per  telephone.  And,  as  has  been  pointed 
out,  this  decrease  in  traffic  is  due  to  the  introduction  of  the  measured 
rate  basis  of  charging.  While  the  average  cost  per  telephone  has 
decreased  approximately  56  per  cent  during  the  period  shown  on 
Fig.  6,  it  would  be  interesting  to  know  the  decrease  in  the  charge 
per  message.  Such  data  as  is  at  hand  shows  clearl\  that  the  charge 
per  message  has  been  decreased  and  it  is  estimated  that  this  decrease 
amounts  to  approximately  20  per  cent,  which  illustrates  that  it  is 
cheaper  per  message  for  the  telephone  company  to  produce  service 
in  large  quantities  than  in  small  quantities. 

It  is  a  tradition  in  telephone  circles  that  the  service  per  telephone 
costs  more  as  the  number  of  telephones  connected  with  the  plant  in- 
creases. As  the  number  of  telephones  increases  each  subscriber  has 
the  opportunity  to  call  upon  more  people  by  telephone,  and  the  law 
of  averages  would  indicate  that  the  number  of  calls  per  day  from 
each  telephone  should  increase,  thus  making  the  service  more  ex- 
pensive to  the  operating  company,  provided  the  service  is  flat  rate 
service  and  unnecessary  use  of  the  telephone  is  not  deterred  by  a 
measured  rate  charge.  This  condition  seems  to  have  worked  out  in 
practice,  according  to  the  statements  of  telephone  companies  at 
Cleveland,  Indianapolis,  and  elsewhere,  and  flat  rate  service  seems 
to  increase  in  cost  per  telephone  as  the  number  of  telephones  attached 
to  a  system  increases. 

On  "the  other  hand,  a  different  condition  exists  in  connection  with 
measured  rate  service.  With  the  measured  rate  service  the  message 
is  the  unit  instead  of  the  rental  of  the  instrument;  and  it  is  the  mes- 
sage that  the  subscriber  ought  to  pay  for,  because  it  is  for  the  pur- 
pose of  sending  his  messages  that  he  provides  himself  with  a  tele- 
phone. With  measured  rate  service,  and  a  reasonable  use  of  the 
telephone  lines,  the  unavailing  calls  are  reduced  to  a  minimum.  .  The 
number  of  calls  per  telephone  per  day,  apparently,  are  not  inclined 
to  increase  as  the  system  increases  in  extent.  This  is  illustrated  in 
Fig.  II  and  Fig.  12;  but  the  total  number  of  messages  handled  in- 
creases approximately  in  proportion  to  the  number  of  telephones. 
Under  these  conditions  the  ordinary  laws  regulating  the  difference 
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Fig.  No.  12.  Showing  the  number  of  lo-party  line  telephones,  the  number  of 
calls  per  day  originating  therefrom,  and  the  average  number  of  calls 
made  daily  per  telephone. 


between  the  cost  of  producing  articles  in  large  and  small  quantities 
come  into  play,  and  the  actual  cost  per  message  ought  to  decrease 
steadily.  Since  it  is  the  messages  that  are  paid  for  under  the  meas- 
ured rate  system  and  the  actual  cost  per  message  ought  to  steadily 
decrease  as  the  system  enlarges,  the  average  amount  paid  by  each 
subscriber  will  decrease  if  the  subscribers  limit  the  use  of  their  tele- 
phones to  their  actual  needs  and  the  telephone  company  is  well  man- 
aged. 
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The  difference  thus  arising  between  flat  rates  and  measured  rates 
is  very  marked.  The  flat  rate  telephone  user  tends  to  increase  his 
number  of  messages  as  the  system  enlarges,  so  that  the  average  calls 
per  day  per  telephone  may  be  expected  to  increase  and  the  propor- 
tion of  unavailing  calls  also  to  increase.  The  consequence  is  that  the 
company  is  forced  to  handle  more  calls  per  telephone  as  the  system 
becomes  larger,  and  the  price  per  telephone  has  to  increase  under 
flat  rate  charges;  while  the  subscribers  limit  the  use  of  the  telephone 
to  their  actual  needs  under  measured  rates  and  the  number  of  calls 
per  telephone  does  not  have  a  tendency  to  increase  as  the  system  in- 
creases in  size  after  it  has  reached  a  considerable  development  such 
as  is  now  found  in  the  city  of  Chicago.  Under  these  conditions  the 
principle  of  wholesale  production  makes  it  possible  for  the  company 
to  reduce  its  cost  of  operating  per  message  and  thereby  reduce  the 
average  price  charged  the  telephone  subscribers. 

The  telephone  hanging  on  the  wall  appeals  to  the  average  tele- 
phone subscriber  as  constituting  the  total  expense  to  the  company 
through  the  maintenance  of  the  instrument  and  lines.  The  mainte- 
nance and  the  interest  on  the  equipment  does  constitute  a  considera- 
ble expense  to  the  company,  but  a  great  deal  of  the  expense  to  the 
company  is  due  to  the  actual  cost  of  handling  each  message. 

Moreover,  the  more  call?  that  are  made  per  line,  the  larger  must 
be  the  switchboards  provided  by  the  company  for  making  connec- 
tions for  communication  between  subscribers'  lines,  since  each  oper- 
ating employe  can  only  take  care  of  a  limited  number  of  calls  per 
day,  and  if  the  number  of  calls  per  telephone  increases,  each  operat- 
ing employe  can  take  care  of  the  requirements  of  fewer  lines.  As 
the  operating  employes  are  increased,  the  switchboards  must  be  in- 
creased at  large  expense  to  afford  additional  operators'  positions, 
and  all  of  this  increases  the  annual  expense  for  telephone  service. 
The  deterrent  of  a  small  charge  per  message,  varying  from  a  nickel 
downwards  deT>ending  upon  the  number  of  calls  used  per  year  is 
sufficient  to  overcome  much  of  this  difficulty  and  to  reduce  the  tele- 
phone service  to  a  fairly  uniform  and  business-like  basis. 

There  is  another  feature  which  relates  to  the  question  of  relative 
use  by  flat  rate  and  measured  rate  users  of  telephones.  It  is  imprac- 
ticable to  connect  all  telephone  subscribers  in  a  threat  exchange  sys- 
tem with  a  single  office,  and  it  becomes  necessary  to  arrange  means 
for  transferring  calls  made  bv  the  lines  in  one  office  to  the  called- for 
subscribers'  lines  in  other  offices.  This  is  ordinarily  denominated 
"trunking"  the  calls  between  the  offices,  and  it  involves  a  double  ex- 
pense for  operators,  since  one  operator  is  required  to  receive  the  call 
of  the  subscriber  at  the  originating  office  and  another  operator  is  re- 
quired to  complete  the  connection  to  the  called  subscriber's  line  in 
the  second  office.  As  the  system  increases  in  number  of  telephones 
the  proportion  of  "trunked"  calls  is  likely  to  increase.  This  is  illus- 
trated in  connection  with  Fig.  13  which  shows  the  way  in  which  the 
"trunked"  calls,  marked  "B  calls"  on  the  chart,  increase  as  the  serv- 
ice extends.     This  shows  the  daily  number  of  "R  calls"  according 
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to  the  "peg  counts"  of  February  and  August  for  a  number  of  years 
back,  and  it  will  be  observed  that  the  number  of  "B  calls"  consis- 
tently increased  during  this  period.  The  illustration  also  shows  the 
number  of  measured  rate  calls  originating  from  subscribers'  lines 
and  the  number  of  flat  rate  calls  originating  from  subscribers'  lines, 
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Fig.  No.  13.     Showing  the  way  in  which  trunk  calls  (B  calls)  increase  as  the 

service  extends. 


and  it  will  be  observed  that  the  number  of  flat  rate  calls  has  in- 
creased year  by  year  at  a  rate  approximately  equal  to  the  increase 
of  calls  from  measured  rate  lines,  although  the  number  of  flat  rate 
lines  has  not  been  increasing  as  rapidly  as  the  measured  rate  lines. 
Chart  Xo.  13  also  shows  that  the  rate  at  which  "B  calls"  or  "trunked" 
calls  increase  corresponds  more  nearly  to  the  rate  at  which  the  flat 
rate  calls  increase  in  number  than  to  the  rate  at  which  the  measured 
rate  calls  increase  in  number. 

The  indications  that  are  afforded  by  Fig.  13  are  likewise  afforded 
by  the  series  of  load  curves  here  given.  A  load  curve  is  a  curve  show- 
ing the  number  of  calls  occurring  within  a  telephone  exchange  dur- 
ing each  hour  of  the  day.  Fig.  14  is  load  curve  showing  the  sum  of 
the  calls  obtained  from  the  several  exchange  offices  in  the  Chicago 
exchange  district.  The  curves  are  shown  as  the  total  number  of  calls 
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originating  on  all  the  subscribers'  lines  (marked  "A"  calls)  on  Au- 
gust 3,  1906,  during  each  hour  of  the  day,  the  total  number  of  meas- 
ured rate  calls  during  each  hour  of  the  day,  the  total  number  of  flat 
rate  calls  during  each  hour  of  the  day,  and  the  total  number  of 
"tninked"  or  "B  calls"  coming  into  all  of  the  exchanges  during 
each  hour  of  the  day.  A  point  on  each  of  these  curves  indicates  the 
number  of  calls  of  the  particular  class  during  the  corresponding 
hour  of  the  day.  The  indication  of  "B  calls"  on  the  load  curves  for 
the  several  separate  exchange  offices,  does  not  afford  any  means  of 
telling  from  what  sort  of  a  line  the  original  calls  emanated  because 
records  of  the  trunked  calls  are  only  made  at  the  receiving  office, 
while  the  sending  office  (where  the  "B  call"  is  not  recorded)  is  the 
only  one  which  could  determine  from  what  sort  of  a  line  a  trunked 
call  emanates.  But  the  total  load  curve  makes  it  possible  to  compare 
the  total  trunked  calls  with  the  total  flat  rate  and  total  message  rate 
calls,  and  it  will  be  observed  that  the  number  of  trunked  calls  corre- 
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spends  closely  to  the  number  of  flat  rate  calls.  This  is  probably  an 
indication  that  the  p^reater  proportion  of  the  trunked  calls  come 
from  flat  rate  lines,  and  that  these  lines  are  consequently  causing 
more  than  a  proportional  share  of  the  double  expense  of  the  trunked 
calls.  A  study  of  this  question  from  the  records  of  the  Chicago  Tele- 
phone company  extendins:  back  over  the  period  since  the  introduc- 
tion of  message  rates  in  Chicago  shows  a  similar  indication  in  each 
year,  namely,  that  the  trunked  calls  correspond  more  closely  to  the 
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Fig.  No.  15.     Load  curve  for  Monroe  exchange  August  3,   1906. 


flat  rate  calls,  and  thaj:  the  flat  rate  lines  apparently  therefore  should 
be  properly  charged  with  the  larger  proportion  of  the  expense  of 
the  trunking  service  and  maintaining  the  trunking  plant. 

The  great  variations  in  the  hourly  use  of  the  telephone  increases  in 
a  marked  degree  the  cost  per  message  for  operating,  because  the 
telephone  company  must  always  have  sufficient  operators  on  hand  to 
meet  the  requirements  of  the  hour,  and  must  have  a  sufficiently  large 
switchboard  to  enable  it  to  handle  all  the  calls  which  arrive  at  the 
busiest  hour.  Even  with  the  best  arranged  schedule  for  the  opera- 
tors' work  it  is  impracticable  to  arrange  for  operators  to  be  on  hand 


780  Crumb — Telephone  Rates. 

for  onlv  one  or  two  hours  in  the  morning  and  one  or  two  hours  in 
the  afternoon,  but  the  operators  must  be  put  at  work  for  a  considera- 
ble number  of  hours  at  a  time,  so  that  the  irregularities  of  the  load 
curves  which  run  up  into  high  peaks  increase  the  cost  of  operating 
on  account  of  increasing  the  average  number  of  operators  that  must 
be  kept  on  duty  in  proportion  to  the  total  number  of  calls  per  day, 
and  also  increase  the  cost  for  interest  and  maintenance  on  account 
of  the  extra  switchboard  positions  required  to  enable  these  extra 
operators  to  perform  their  work. 

A  scrutiny  of  the  load  curves  of  the  various  exchange  offices  and 
especially  of  the  business  offices,  indicates  that  the  greatest  propor- 
tion of  the  peak  of  the  load  in  each  exchange  office  comes  from  the 
flat  rate  users,  and  that  the  measured  rate  curve  is  more  uniform 
over  the  period  of  the  day.  This  absence  of  peak  makes  it  possible 
to  perform  the  telephone  service  more  economically,  and  the  present 
measured  rate  users  are  therefore  less  expensive  users  to  whom  to 
supply  service.  A  measure  of  the  expense  of  operating  is  to  some 
degree  indicated  by  the  ratio  of  the  maximum  number  of  calls  in 
the  busy  hour  to  the  total  number  of  calls  per  day  in  the  exchange. 
This  ratio  is  larger  for  the  flat  rate  calls  than  for  the  measured  rate 
calls  in  the  Chicago  exchange  district.  As  shown  by  the  twelve 
"peg  counts'"  for  1906,  the  average  ratio  for  the  total  number  of 
originating  calls  is  .1072,  the  ratio  for  the  flat  rate  calls  is  .1185,  and 
the  ratio  for  all  measured  rate  calls,  including  ten-party  lines,  is 
.0991,  which  indicates  that  the  cost  of  operating  for  the  measured 
rate  calls  is  less  than  the  cost  of  operating  for  the  flat  rate  calls. 
Other  peg  counts  show  similar  results. 

Service  inspection  tests  from  the  New  York  City  exchanges, 
which  are  operated  almost  entirely  on  the  measured  service  basis, 
show  that  the  proportion  of  unavailing  calls  there  is  only  about  one- 
sixth  of  the  total  calls,  and  that  the  proportion  of  calls  receiving  busy 
reports  is  one-twelfth  of  the  total  calls.  A  comparison  of  peg  counts 
for  these  two  exchange  systems  indicates  that  the  expense  for  traffic 
employes  per  station  is  lower  in  New  York  than  in  Chicago,  and  the 
conclusion  therefore  is  that  this  difference  must  be  due  to  the  meas- 
ured rate  method  of  charging  for  service. 

Study  of  the  load  curves  indiates  farther  that  the  way  in  which 
the  calls  become  distributed  in  the  system  makes  it  possible  for  the 
telephone  company  to  arrancje  its  operating  force  more  economically 
to  take  care  of  its  present  measured  rate  service,  and  therefore  ac- 
tually enables  the  telephone  company  to  make  the  cost  of  operating 
less  per  individual  call  of  the  measured  rate  service  than  it  can  for 
the  flat  rate  service. 

On  the  flat  rate  basis  the  telephone  subscriber  who  makes  calls 
over  his  telephone  line  twenty  or  more  times  per  day  f  perhaps  even 
fifty  or  one  hundred  or  more  times)  pays  the  same  price  as  the  sub- 
scriber who  uses  his  telephone  only  eight  or  ten  times  a  day,  and 
the  flat  rate  being  an  average  rate  which  enables  the  telephone  com- 
pany to  come  out  at  the  end  of  the  year  with  its  expenses  all  paid 
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and  a  balance  to  pay  interest  on  its  investment,  it  is  obvious  that  the 
small  user  pays  more  for  his  telephone  than  his  use  makes  necessary 
and  the  largest  user  pays  less  for  his  telephone  tiian  his  service  proba- 
bly costs  the  operating^  company.  This  is  so  manifestly  unfair  that 
there  can  be  no  justification  in  maintaining  a  strictly  flat  rate  tele- 
phone charge  in  large  cities  with  the  present  known  methods  of 
operating.  Such  charges  for  telephone  service  are  as  unjust  as  sim- 
ilar charges  would  be  if  made  for  electric  light  or  gas.  It  will  be 
recognized  as  absurd  to  suggest  that  a  gas  company  should  charge  a 
fixed  rate  per  year  for  each  gas  burner  in  a  place  of  business,  regard- 
less of  the  number  of  hours  that  the  place  of  business  is  open. 

From  the  foregoing  it  will  be  seen  that  in  the  interest  of  good  serv- 
ice, economy  of  production  and  uniform  justice  in  charging  for  the 
different  classes  of  service,  the  measured  service  plan  is  much  to  be 
preferred  to  the  flat  rate  method. 

A  very  little  consideration  of  the  expense  of  maintaining  a  tele- 
phone plant  leads  one  to  the  conclusion  that  maintenance  expenses 
are  very  largely  directly  due  to  traffic,  and  all  maintenance  expenses 
must  be  considered  as  being  directly  or  indirectly  due  to  traffic  and 
therefore  distributed  in  proportion  to  the  traffic.  The  same  may  be 
said  of  general  expenses  and  fixed  charges. 

Depreciation  and  insurance  on  portions  of  the  plant,  which  are  not 
economically  underwritten  by  insurance  companies  are  items  of  ex- 
pense in  producing  telephone  service  which  are  often  neglected  or 
underestimated  in  the  consideration  of  the  fixing  of  telephone  rates. 
Much  of  the  depreciation  on  a  telephone  plant  is  directly  caused  by 
the  traffic.  This  is  especially  true  of  the  depreciation  of  equipment 
— both  central  office  and  subscribers'  stations ;  also  depreciation  due 
to  the  advancement  of  the  art,  as  traffic  often  demands  that  present 
equipment  and  methods  be  replaced  by  more  modern  ones  before  the 
ones  in  use  have  been  worn  out.  The  depreciation  on  parts  of  the 
plant  which  cannot  be  directly  traceable  as  a  result  of  traffic  are  in- 
directly due  to  it,  as  the  object  of  the  plant  is  to  provide  for  traffic 
and  therefore  depreciation  charges  should  be  classified  in  proportion 
to  the  traflfic.  Taken  in  conjunction  with  depreciation  there  should 
be  set  aside  a  fund  to  cover  insurance  on  those  portions  of  the  plant 
which  the  fire  insurance  companies  will  not  underwrite  at  reasonable 
rates.  An  amount  proportional  to  the  value  of  the  plant  should  be 
put  into  the  fund  each  year,  and  the  amount  must  be  computed  from 
experience  as  to  the  average  life  of  the  different  parts  of  the  plant, 
making  due  allowance  for  the  "scrap"  value  of  discarded  apparatus, 
judgment  of  the  rate  at  which  street,  bridge  and  park  improvements 
are  likely  to  be  made  which  will  interfere  with  the  company's  plant, 
and  experience  of  the  fire  hazard. 

The  computations  of  the  Special  Telephone  Commission  are 
shown  in  the  following  table : 
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Life  in      Per  cent  to       Per      Per  cent  to 
Property  Years       depreciation     cent     reconslr'ion 

account       salvage  &  insurance 

Underground  conduit,  main,    clay    in 

concrete 50  .89  o  i  ^ 

Underground  conduit,  main,  fibre,  etc.  20  3.72  o  i^^ 

Underground  conduit,  subsidiary 20  3.72  o  2 

Underground  cable,  main 20  3.72  2 

Underground  cable,  subsidiary 15  5.38  40  2 

Aerial  cable 15  5-38  3 

Poles,  including  crossarms,  etc 10  8.73  o  4^ 

Aerial  strand 12  7.05  o  3^^ 

Aerial  cable  terminals 12  7.05  o  3 

Aerial  wire,  copper 15  5.38  70  3. 

Drop  wires,  copper. .. .- .  8  11.25  ^5  4 

Subscri  ers"   station   instruments 10  8.73  5  2 

Private  branch  exchange  switchboards  8  11.25  20  2 

Central  office  switchboards .  8  11.25  20  2 

Buildings,    fireproof 40  1.33  o  i 

Teams,  tools,  furniture,  etc 4  23.92  10  o 

In  order  to  determine  the  proper  rate  to  charge  the  cost  must 
first  be  ascertained  for  each  class  of  service  ofifered,  and  to  do  this 
means  a  careful  investigation  and  determination  of  all  of  the  above 
questions.  It  means  particularly  that  telephone  companies  must  pay 
more  attention  to  the  results  of  their  peg  counts  and  that  they  must 
be  made  in  such  a  way  that  they  will  furnish  the  information  neces- 
sary for  the  accurate  fixing  of  rates.  This  complex  problem  offers 
many  interesting  opportunities  to  the  telephone  engineer,  and  it  is 
to  be  hoped  that  the  great  telephone  companies  of  our  large  cities 
will  soon  set  about  a  means  of  determining  the  exact  cost  of  the  dif- 
ferent classes  of  telephone  service,  so  that  it  may  be  furnished  with- 
out discrimination  in  charges  to  any  class  of  users,  and  so  that  the 
small  user  may  be  able  to  provide  himself  with  telephone  facilities 
at  the  lowest  possible  cost  consistent  with  good  business  practice. 
Not  until  our  great  telephone  companies  can  truthfully  say  frcrm 
their  own  knowledge  that  they  are  doing  this,  can  they  claim  to  be 
discharging  the  duty  which  they  assum.ed  upon  entering  the  tele- 
phone business. 

DISCUSSION. 

Mr.  Walter  H.  Burgess :  I  have  listened  with  much  pleasure  to 
this  very  able  paper.  I  agree  with  the  author  in  most  of  what  he 
says,  but  there  are  one  or  two  points  that  I  think  he  did  not  suffi- 
ciently emphasize  and  these  points  lie  at  the  very  root  of  the  question. 
He  made  it  very  clear  that  telephone  subscribers  expected  first,  last, 
and  all  the  time  to  get  good  telephone  service ;  that  they  did  not  ex- 
pect to  pay  for  a  telephone  and  look  upon  it  the  same  as  one  would 
look  upon  a  hat  peg  or  ink-stand. 

The  author  mentioned  that  the  unit  of  cost  of  telephone  service 
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was  the  message.  That  is  only  partially  true,  for  to  my  mind  the 
logical  and  scientific  method  is  the  message  time  mile,  corresponding 
somewhat  to  the  unit  cost  of  a  railroad  system.  It  is  obvious  that 
the  longer  the  distance  a  message  is  carried,  the  more  it  costs,  and 
you  will  understand  that  it  is  possible  to  put  only  one  message  on  a 
trunk  at  one  time;  it  must  be  perfectly  clear  to  you  that  if  one  sub- 
.  scriber  takes  six  minutes  to  deliver  a  message,  it  is  much  more  ex- 
pensive to  the  telephone  company  than  for  a  message  which  requires 
only  three  minutes  to  deliver. 

The  author  did  not  touch  upon  the  question  of  the  quality  of  the 
service  given  under  the  two  different  rate  classes.  In  my  country  a 
famous  statesman  said,  "You  cannot  make  men  moral  by  act  of 
Parliament,"  and  you  cannot  compel  a  telephone  company  to  give 
good  service  by  any  sort  of  law. 

Inasmuch  as  the  total  revenue  of  a  telephone  company,  when  its 
subscribers  are  all  on  flat  rate,  is  the  same  whether  the  calls  are  few 
or  many,  it  seems  to  me  that  the  telephone  company  has  no  incen- 
tive to  boost  up  its  service  to  increase  the  number  of  calls.  As  a 
matter  of  fact,  it  is  to  its  interest  to  keep  down  the  number  of  calls 
to  the  lowest  possible  amount.  With  the  measured  rate  the  revenue 
depends  on  the  number  of  messages,  therefore  it  is  obvious  that  it  is 
to  the  company's  interest  to  do  all  in  its  power  to  keep  the  service 
up  to  its  highest  efficiency,  so  that  the  revenue  will  be  maintained  or 
increased. 

I  think  some  people  have  imagined  that  with  a  measured  service 
they  would  be  brought  face  to  face  with  utter  financial  disaster,  and 
that  their  telephone  would  be  something  similar  to  a  box  of  cigars 
that  an  Englishman  uses— only  to  be  used  occasionally. 

The  author  called  attention  to  the  great  increase  in  telephone  sub- 
scribers in  New  York  since  1898.  and  I  think  this  is  due  to  the  fact 
that  measured  rate  service  was  introduced  about  this  time.  In  Lon- 
don, four  years  ago,  the  measured  rate  service  was  introduced,  and 
I  recall  that  the  president  of  the  National  Telephone  Company,  in 
speaking  at  a  directors  meeting  last  August,  stated  that  the  decrease 
in  the  average  income  per  station  was  due  entirely  to  the  adoption  of 
the  measured  rate.  I  referred  to  figures  in  this  connection,  and 
found  that  the  average  income  per  station  under  the  measured  rate 
was  about  S3.00  less  than  the  averag<^  income  per  station  under  the 
flat  rate. 

Mr.  K.  B.  Miller,  m.w.s.e.  :  I  had  not  ex])ccted  to  say  anything 
this  evening,  but  perhaps  a  few  words  illustrating  the  enormous 
growth  in  the  use  of  the  telephone  within  the  last  few  years,  may  be 
of  interest  For  instance,  the  New  York  Telephone  Company  now 
adds  more  telephones  every  three  months  than  it  did  during  the  first 
seventeen  years  of  its  existence.  This  means  that  the  growth  in  the 
use  of  telephones  in  New  York  City  is  annually  four  times  greater 
than  the  total  growth  in  the  first  seventeen  years. 

I  think  Mr.  Burgess"  suggestion  of  the  message-time-mile  unit 
mav  be.  perhaps,  an  ideal,  but  it  seems  to  me  that  it  is  whollv  im- 
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practicable  at  the  present  time,  and — so  far  as  I  can  see — in  the 
future. 

If  we  analyze  the  cost  of  givingf  telephone  service  from  the  best 
data  we  have  at  hand,  we  shall  find  that  the  cost  becomes  greater  as 
the  traffic  increases.  It  has  been  found  feasible  to  make  a  charge  de- 
pendfng  wholly  or  in  part  upon  the  amount  of  traffic.  The  cost  also 
increases  to  some  extent  with  the  distance,  and  were  we  to  follow 
this  idea  out  with  a  view  of  absolute  equity  in  charging,  we  would 
have:  to  charge  a  subscriber  who  was  located  only  one  hundred  yards 
away  less  than  one  who  was  located  a  quarter  of  a  mile  from  the 
central  office,  in  other  words,  we  would  have  to  grade  each  sub- 
scriber's line  down  to  feet  and  inches,  if  we  wanted  to  reach  a  really 
ideal  and  perfectly  just  way  of  charging  for  the  use  of  his  line.  So 
also,  in  order  to  obtain  absolute  equity,  it  would  be  necessary  not 
only  to  record  the  number  of  conversations  but  also  the  length  of 
each,  and  thus  we  would  have  the  three  factors  necessary  to  place 
the  charge  on  the  "message-time-mile"  basis. 

The  ideal  way  of  charging  for  telephone  service  it  seems  to  me,  at 
least  in  manually  operated  exchanges,  would  be  to  charge  a  fixed 
sum  per  month,  representing  those  portions  of  the  investment  which 
are  practically  constant  and  based  not  on  individual  cases  but  on 
averages  for  the  total  number  of  subscribers  in  a  given  district.  This 
charge  would  take  care  of  the  investment  cost,  that  is,  of  the  cost  to 
the  company  for  providing  at  all  times  facilities  for  the  user  en- 
tirely independent  of  any  use  by  him  of  the  facilities.  To  this  charge 
should  be  added  a  message  rate  based  on  the  variable  factors  which 
are  found  to  be  functions  of  the  traffic. 

To  bring  Mr.  Burgess'  "distance  factor"  into  use  with  a  view  to 
strictly  equitable  charge  to  the  subscriber  leads  to  such  a  maze  of 
perplexities  that  I  cannot  see  my  way  out  of  it.  In  fact,  we  are  intro- 
ducing enough  trouble  when  we  try  to  measure  the  number  of  com- 
pleted messages,  and  I  believe  that  at  present  neither  the  distance 
factor  nor  the  time  of  message  factor  should  enter  into  the  charge 
except  as  based  upon  averages  rather  than  upon  individual  cases.  I 
am  of  course  speaking  now  of  local  service  in  a  given  community, 
and  not  of  interurban  or  interdistrict  service  where  it  is  of  course 
necessary  not  only  to  consider  the  message  but  the  length  of  it  and 
the  distance  over  which  it  is  transmitted. 

Mr.  C.  S.  S.  Hozvlett  (Chairman)  :  I  would  ask  Mr.  Burgess  if 
he  knows  of  any  plant  or  system  in  any  part  of  the  world  where 
such  a  charging  system  other  than  is  represented  by  the  whole  mes- 
sage, is  used.  Of  course  in  the  city  limits  no  extra  charge  is  made, 
and  this  extra  charge  is  made  only  out  of  the  city  limits. 

Mr.  Burgess :  I  think  Mr.  Miller  is  attempting  to  split  hairs  over 
my  idea.  I  did  not  intend  to  bring  the  matter  down  to  actual  inches. 
In  London  one  is  allowed  to  talk  all  over  the  telephone  district,  which 
is  my  idea  of  distance,  and  he  is  limited  to  three  minutes.  When  the 
time  is  up  he  is  "cut  off"  and  has  to  register  for  another  call,  if 
longer  time  is  desired. 
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Mr.  Miller:  I  had  no  intention  of  indicatin,<^  that  Mr.  Burgess 
seriously  meant  to  bring  the  matter  of  distance  down  to  feet  and 
inches.  I  was  simply  reducing  that  to  an  absurdity  for  the  purpose 
of  illustrating  my  point,  that  we  cannot  bring  about  an  absolutely 
equitable  method  of  charging.  The  New  York  Telephone  Company 
charges  a  certain  rate  for  service  within  a  given  district  in  the  city 
and  more  if  the  conversation  extends  out  of  that  district.  This  brings 
in  the  distance  element.  As  for  the  time  element,  that  is  perhaps  a 
more  feasible  scheme  than  strict  adherence  to  the  distance  factor. 
Many  schemes  have  been  mentioned  for  charging  for  telephone  serv- 
ice by  the  minute,  and  devices  have  been  produced  for  recording  the 
time  of  conversation,  and  they  are  not  very  complicated,  although  I 
would  not  like  to  see  them  introduced  in  any  exchange  in  which  I 
am  interested. 

Mr.  Howlett:  I  noticed  that  in  connection  with  the  downtown  tele- 
phones the  peak  is  at  lo  o'clock  in  the  morning,  while  in  most  of 
the  residence  districts  the  peak  is  around  8  o'clock  in  the  evening. 
It  has  occurred  to-  me  that  possibly  the  ideas  of  some  of  the  power 
companies,  of  giving  a  concession  of  some  sort  to  those  who  would 
make  use  of  the  power  at  periods  of  the  day  when  there  is  the  least 
call  for  it,  could  be  utilized  in  connection  with  telephone  service. 

Mr.  Crumb:  I  think  that  the  complications  that  face  us  in  getting 
on  to  the  measured  rate  basis  are  quite  enough  for  the  present.  We 
must  first  educate  the  people  and  the  telephone  companies  to  the 
measured  rate  basis  of  charging,  that  being  the  first  step ;  then,  at 
some  future  time,  we  may  be  able  to  go  into  the  matter  of  length  of 
time  over  which  the  message  is  transmitted,  the  time  occupied  in 
sending  the  message,  etc. 

I  might  state  that  there  is  being  devised  at  present  a  method  of 
operation  which  in  some  degree  takes  care  of  the  point  you  have 
brought  up,  and  that  is  a  method  of  operation  whereby  the  load  com- 
ing into  the  office  is  distributed  to  the  operating  force,  so  that  the 
operating  force  is  kept  working  at  its  highest  efficiency  during  all  of 
the  time.  Or.  to  illustrate  the  matter  a  little  more  clearly,  a  switch- 
board is  made  up  of  a  number  of  operators'  positions,  and  at  the  busy 
time  on  that  switchboard  all  of  the  operators'  positions  are  working, 
and  sometimes  they  are  worked  to  their  limit.  With  a  system  of  dis- 
tributing the  operating  load  now  being  worked  out  by  telephone  en- 
gineers, it  is  the  object  of  that  system  to  keep  the  operating  force 
reduced  to  its  minimu-m  and  working  at  its  highest  efficiency  at  all 
times,  by  placing  the  calls  that  come  in  on  to  the  first  idle  operator, 
so  that  only  one  or  two  of  the  operators  will  not  be  working  up  to 
their  fullest  capacity.  In  the  systems  now  in  use  there  are  often  a 
number  of  operators,  who  are  not  very  busy  because  the  work  is  not 
distributed  throughout  the  board.  With  the  new  system,  the  re- 
quirements will  be  kept  down  to  the  peak  load,  making  the  distribu- 
tion more  uniform,  but  this  system  has  not  yet  been  put  into  opera- 
tion. 
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Mr.  D.  A.  Fricke :  Do  you  think  it  a  profitable  investment  to  in- 
stall the  flat  rate  service  at  $125.00  per  year?  I  believe  Mr.  Crumb 
states  in  his  paper  that  about  40  per  cent  of  the  proceeds  is  repre- 
sented by  the  flat  rate,  and  about  60  per  cent  by  the  measured  rate. 
From  this  it  would  seem  that  the  service  at  $125.00  per  year  is  al- 
lowing very  good  revenue.  It  seems  to  me  it  would  be  no  more  than 
fair  to  cut  down  the  nickel  charge. 

Mr.  Crumb :  It  is  my  opinion,  based  upon  such  information  as  has 
been  presented  to  me,  that  the  system  of  charging  v.hich  is  now  in 
vogue  by  the  Chicago  Telephone  Company  is  unfair  to  a  large  num- 
ber of  telephone  users  in  this  city— a  number  are  paying  more  than 
they  ought  to  and  a  number  are  not  paying  as  much  as  they  should. 

Prof.  E.  H.  Freeman:  Considering  equity  and  practicability,  it 
seems  to  me  that  the  method,  which  has  been  suggested,  of  a  certain 
fixed  charge  and  a  certain  message  charge  over  and  above  that,  is 
the  best.  I  would  ask  if  Mr.  Crumb  can  give  us  any  idea  of  what 
percentage  of  the  total  outlay  of  the  company  might  be  considered  a 
purely  fixed  charge?  For  example,  in  power  and  lighting  work  it 
varies  all  the  way  from  50  to  90  per  cent.  Is  it  within  those  limits  in 
telephone  work? 

Mr.  Crumb:  I  have  no  clear  idea  of  what  would  be  an  equitable 
fixed  charge.  That  is  all  regulated  by  the  particular  plant  to  which  it 
is  applied,  and  the  particular  conditions  at  that  time.  The  fixed  charge 
will  vary  in  a  certain  city  as  the  plant  increases.  For  instance,  if 
you  start  out  with,  say,  eight  central  offices,  your  fixed  charge  may  be 
determined  as  a  certain  amount.  When  the  plant  has  increased  to 
sixteen  offices  the  fixed  charge  should  be  another  amount — either 
larger  or  smaller,  as  the  average  length  of  line  may  increase  or  de- 
crease. It  depends  upon  certain  contingencies,  such  as  investment  in 
real  estate,  etc. 

Mr.  Warder:  As  the  number  of  exchanges  is  increased,  more 
money  has  to  be  put  into  trunk  wires,  but  the  number  of  wires  does 
not  increase  as  rapidly  as  the  number  of  subscribers,  I  suppose. 

Mr.  Crumb:  That  rate  is  constantly  increasing  as  the  number  of 
offices  is  increased. 

In  a  single  office  in  a  small  town,  starting  out  with  1,000  sub- 
scriber lines,  a  certain  amount  of  the  plant  would  be  unproductive. 
The  fixed  price  which  would  be  made  as  the  initial  charge  would  be 
so  much  money  of  that  idle  part  of  the  plant  which  is  unproductive. 
As  the  plant  grows  you  have  used  up  more  of  that  idle  space,  and 
you  are  dividing  that  unproductive  plant  among  a  larger  number  of 
customers ;  so  your  fixed  charge  in  a  particular  case  must  be  given 
careful  consideration  all  along  the  line. 

Prof.  E.  H.  Freeman :  In  asking  about  the  fixed  charges  I  had 
in  mind  the  conditions  here  in  the  city.  In  looking  over  the  report  of 
the  Telephone  Commission  I  noticed  that  in  their  estimate,  this  item 
amounted  to  about  75  per  cent  of  the  total  charge,  not  including  in- 
terest, and  I  was  wondering  whether  the  fixed  charge  would  be  in 
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the  neighborhood  of  75  per  cent.     If  so.  it  would  give  the  man  who 
wants  the  measured  rate  75  per  cent  of  the  argument. 

•  Mr.  Crumb :  The  maintenance  charge  would  depend  very  largely 
on  the  traffic,  so  that  the  fixed  charges,  as  I  have  usually  understood 
them,  have  been  those  charges  for  interest,  taxes,  insurance,  etc.,  not 
including  any  maintenance  or  operating  expenses.  With  the  data  that 
we  have  at  hand  I  do  not  think  we  could  arrive  at  any  particular  sum 
which  should  be  set  aside  as  an  equitable  amount  to  be  charged  as 
that  initial  cost.  The  matter  should  be  studied  and  some  definite 
figures  should  be  arrived  at. 


EXPERIMENTAL  DETERMINATION  OF  STRESSES  IN  WEB  PLATES  AND  . 
STIFFENERS  OF  PLATE  GIRDERS. 

'     Prof.  F.  E.  Turneaure,  m.w.s.e.. 

Presented  October  i6,  190/. 

The  design  of  plate  girder  stiffeners  is  one  of  the  few  features  of 
structural  design  which  does  not  lend  itself  reasonable  well  to  theo- 
retical treatment.  While  most  of  the  rules  of  practice  are  based 
on  certain' rough  methods  of  theoretical  analysis  the  theories  em- 
ployed neglect  such  important  factors  that  the  results  are  unsatis- 
factory and  vary  greatly  among  themselves.  The  problem  is  one 
that,  in  the  nature  of  the  case,  must  be  solved  largely  by  experiment. 
It  is  the  purpose  of  this  paper  to  contribute  something  towards  its 
solution  by  presenting  results  of  certain  experiments  on  plate  girder 
webs  and  stififeners,  together  with  such  theoretical  discussion  as  may 
assist  in  interpreting  the  results. 

The  experiments  consisted  in  numerous  measurements  of  the  dis- 
tortion of  the  stiffeners  of  a  plate  girder  under  actual  railroad  traffic, 
and  measurements  of  web-plate  distortion  of  a  special  experimental 
girder  tested  in  the  laboratory.  The  work  was  done  under  the 
author's  direction  as  thesis  work  and  as  special  laboratory  investiga- 
tion at  the  University  of  Wisconsin.  The  latter  work  was  carried 
out  in  detail  by  Mr.  W.  S.  Kinne,  Instructor  in  the  University,  who 
has  also  assisted  very  greatly  in  the  preparation  of  the  results  for 
publication. 

Theoretical  Stresses  in  IVeb  Plates.  As  an  aid  in  judging  of  the 
significance  of  the  experimental  results  a  brief  statement  will  first 
be  given  of  the  usual  theory  of  web  stresses  for  a  plate  girder  with- 
out stiffeners.  It  will  be  assumed  that  the  web  plate  remains  per- 
fectly straight  and  that  the  flange  and  web  are  rigidly  united  so  as 
to  act  as  a  solid  section. 

(a).  The  shearing  stress  per  square  inch  at  any  point  in  the  girder 
is  of  the  same  amount  on  vertical  and  horizontal  planes  and  is  given 
by  the  equation 

S    =     :P^  2  ^    ay      (1) 

lb       c 

In  this  equation  V  =  total  vertical  shear,  I  is  the  moment  of  inertia 

C 

of  the  section,  b  =:  width  of  beam  at  given  point  and  2  ^.  ay 

is  the  statical  moment  of  the  area  of  the  cross-section  outside  of  the 
given  point  taken  about  the  neutral  axis.  The  variation  of  such 
shearing  stress  for  a  girder  of  usual  proportions  is  represented  in 
Fig.  I.  The  usual  assumption  that  the  shearing  stress  is  uniform 
throughout  the  web  is  seen  to  be  nearly  correct. 
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(b).  The  tensile  and  compressive  stresses  on  vertical  planes 
(stresses  constituting  the  resisting  moment)  vary  directly  with  the 
distance  from  the  neutral  axis,  being  zero  at  such  axis.  (See  also 
Fig.  I). 

(c).  Tensile  and  compressive  stresses  on  planes  inclined  at  other 
angles  are  given  by  the  equation 

t=;^p(l-cos2^)+vsin20     * (2) 

in  which  p  is  the  horizontal  unit  tensile  or  compressive  stress, 
v  the  unit  shearing  stress  at  the  given  points  as  found  by  eq. 
(i),  and  <^  is  the  angle  which  the  given  plane  makes  with 
the  horizontal.  At  the  neutral  axis  the  tensile  and  compres- 
sive stress  is  a  maximum  on  a  plane  inclined  45  deg.  from  the 
horizontal  and  is  equal  to  the  shearing  stress.  At  other  points  the 
maximum  intensity  is  at  some  angle  greater  or  less  than  45  deg. 
+  V.  Figs.  I  and  2  represent  the  variation  in  compressive  stress 
along  a  45  deg.  line,  assuming  the  shearing  intensity  at  the  neutral 
axis  to  be  one-half  the  maximum  tensile  or  compressive  stress  at  the 
extreme  fibre. 

It  is  thus  seen  that  in  the  web  plate  the  tensile  and  compressive 
stresses  on  a  45  deg.  line  vary  from  a  maximum  value  at  one  flange 
to  a  value  nearly  zero  at  the  other.  The  average  value  is  numeri- 
cally equal  to  the  average  value  of  the  shearing  stress. 

(d).  The  tensile  and  compressive  stresses  on  horizontal  planes 
(that  is,  on  vertical  lines)  are  zero  at  all  points. 

In  applying  the  theory  in  practice,  to  determine  the  strength  of  a 
girder,  the  chief  difficulty  arises  from  the  effect  of  the  compressive 
stresses  in  the  web  as  above  noted.  It  is  generally  supposed  that 
when  a  web  plate  fails  it  will  fail  by  buckling  due  to  these  compres- 
sive stresses,  but  the  fact  that  the  plate  is  never  perfectly  plane  at 
the  outset,  and  the  uncertain  effect  of  the  tensile  stresses  in  preventing 
buckling  make  it  impossible  to  deduce  theoretically  a  value  for 
strength  of  web  plate  that  will  be  at  all  satisfactory.  General  laws 
can  probably  be  thus  deduced,  but  absolute  values  of  the  coefficients 
can  only  be  determined  by  experiment. 

EXPERIMENTS  ON  A  THROUGH    PL.\TE  GIRDER. 

The  experiments  here  described  were  carried  out  diiring  the  past 
year  by  Mr.  O.  K.  Peck,  a  senior  in  the  Civil  Engineering  class  in 
the  University  of  Wisconsin,  on  a  through  plate  girder  of  75-ft. 
span  length  on  the  C,  &  N.-W.  R'y.  A  sketch  of  this  structure  is 
shown  in  Fig.  3.  The  bridge  is  a  double  track  structure.  The  web 
is  the  usual  ^-in.  plate. 

The  experiments  consisted  in  the  measurement,  by  autographic 
extensometers,  of  the  stresses  in  the  several  stiffeners  during  the 
passage  of  trains.  The  extensometers  were  the  Fraenkel  type,  and 
were  the  same  instruments  as  described  in  a  paper  by  the  writer  in 
the  Trans.  Am.  Soc.  C.  E.  Vol.  XLI.     The  deformation  is  measured 


♦Merriman'8  Mechanics  of  Materials,  9th  Ed.,  p.  151. 
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over  a  length  of  one  meter  and  multiplied  by  a  lever  system  having 
a  ratio  of  about  i  :i40.  The  movement  is  recorded  on  a  moving 
strip  of  paper.  Two  extensometers  were  used  and  readini^s  were 
taken,  where  possible,  on  both  the  inside  and  the  outside  stiffener 
angles  for  one  half  of  each  girder.  About  300  observations  were 
taken.  At  points  of  connection  of  floor  beams  measurements  could 
be  taken  only  on  the  outside  stififeners  on  account  of  the  gusset  plates 
on  the  inside. 

As  the  work  was  done  un  'cr  the  regular  traffic  the  results  were 
of  great  variety,  there  being  many  different  classes  of  locomotives 
in  service  on  the  division.  Measurements  were  recorded  only  for  the 
trains  on  the  track  nearest  the  girder  in  question.  The  data  are 
arranged  so  that  the  direction  of  movement  of  train  is  in  all  cases 
from  st'ffener  No.  i  towards  the  right,  as  shown  in  Fig.  3.  Thus 
the  maximum  shears  are  always  at  the  right  end  of  the  girder,  at 
stifiFeners  numbered  from  10  to  18.  A  large  majority  of  the  loco- 
motives were  of  one  of  the  three  classes  known  as  R,  R-i  and  D. 
Diagrams  of  these  classes  are  given  in  Fig.  4.  Class  D  was  used  on 
passenger  trains  and  classes  R  and  R-i  on  freight.  The  weights  of 
classes  R  and  R-i  are  so  nearly  equal  that  for  our  purposes  it  will 
be  unnecessary  to  distinguish  between  them.  No  difference  in  re- 
sults could  be  noted.  These  were  the  heaviest  locomotives  used. 
Results  from  other  locomotives  varied  considerably  from  these,  but 
were  generally  smaller.  They  are  widely  scattered  and  not  readily 
comparable  so  they  will  not  be  given  here. 

Complete  data  are  given  in  Table  No.  i  for  five  stiffeners,  these 
results  being  typical.  In  all  cases  the  maximum  ordinate  of  the 
deformation  curve  is  given  in  inches  and  then  the  calculated  stress 
per  sq.  in.  corresponding  to  this  value,  assuming  a  modulus  of  elas- 
ticity of  30,000,000  lbs.  per  sq.  in.  The  minus  sign  indicates  ten- 
sion. 

Table  No.  i.      Typical  Results  Obtained  on  Stiffeners. 

Stiffener  No.  i. 

Position  of  Class  of  Max.     Ordinate.    Stress  per  sq. 

Angle.   .  Engine.  Inches.  in.     Pounds. 

F-^eight -1.08  440 

Inside  f  .04  220 

Passenger -|  .06  330 

{  .08  440 

(.11  930 

Freight J    18  980 

i  .10  550 

Passenger .12  650 


Outside 


Stiffener  No.  2. 

,.    •  ,  ,  j  .24  1360 

Outside              ^'^'S^' "i  .24  1360 

Passenger .22  1200 
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Position  of 
Angle. 

Inside 


Outside 


Stiffener  No.  4. 
Class   of  Max"  Ordinate     Stress  per  sq. 


Engine 

Freight 

Passenger. . . . 

Freight 

Passenger. . . . 


Inches. 

<—  28 

"/  —.30 

—  .24 


in.     Pounds. 

-1530 
-1H.30 
-IHOO 

1090 

1200 

1300 

1400 

1550 
872 


Outside 


Stiffener  No.  5. 


Freight.  .  . 
Passenger 


.14 
(-.18 
]-   24 


—  1200 

—  1200 
—820 
—980 

—  IHOO 


Stiffener  No.  8. 


Inside 


Outside 


Freight 


Passenger. 


Freieht . 


(  .06 

<  .03 

(  .01 

f  — .08 

I -.10 

1  -.10 

I-.IO 

.01 

—  .04 
.03 

—  .O-i 
.01 

—.04 


330 

ItiO 
50 
—440 
—540 
—540 
—540 

110 
—270 

160 
—330 

110 
—270 


There  is  usually  a  fair  agreement  among  the  several  results  on 
the  same  stiffehers,  but  on  No.  8,  and  in  the  case  of  some  others, 
the  results  are  erratic.  With  such  low  values  this  is  not  surprising. 
The  speed  of  all  freight  trains  was  slow  and  for  the  passenger  trains 
generally  from  30  to  45  miles  per  hour. 

It  will  be  noted  that  stiffener  No.  4  showed  tension  on  the  inside 
and  compression  on  the  outside,  indicating  a  bending  or  buckling 
tendency.     This  was  observed  in  others. 

In  Table  No.  2  are  given,  in  a  condensed  form,  the  results  on  all 
the  stiflfeners.  Average  values  are  given  for  the  stresses,  obtained 
as  above  described,  for  the  three  classes  of  engines  considered. 
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Tdble  No.  2 Average  Results  for  all  Stiffeners. 


No.  of 
Stiffener 


Class 

of 

Engine 

Freight 
Passenger 


Position 

of 

Angle 

Inside 
Outside 
luside 
Outside 


Xo  of 
Obser- 
vations 

2 
3 
3 

1 


Aver.  Max. 
Stress  Lbs. 
per    sq      in. 


■440  ) 
820  \" 
330  I 
6-i0  \ 


Aver,  of  In- 
side &  Out- 
side Angles, 
Axial   Stress 

»)30 


490 


Freight 
Passenger 


Outside 
Outside 


1360 
1200 


1360 
1200 


Freight 
Passenger 


Freight 
Passenger 


Inside 
Outside 
Inside 
Outside 


Inside 
Outside 
Inside 
Outside 


1040  / 
-2070  \ 

1090  I 
-3050] 

-InSO  ) 

1300  ( 

-1300  / 

870  \ 


—515 
—980 


—140 
—215 


Freight 
Passenger 


Outside 
Outside 


-1090 
-1140 


—1090 
—1140 


Freight 
Passenger 


Inside 
Outside 
Inside 
Outside 


540  I 

■    440  f 

-980 


50 


Freight 
Passenger 


Outside 
Outside 


—940 
-1()30 


-940 
-1G30 


Freight 
Passenger 


Freight 
Passenger 


Inside 
Outside 
Inside 
Outside 


100 


()0  I 
50  S 


-540 
-540 


Inside 
Outside 
Inside 
Outside 


220  / 
—160  \ 

650) 
—270  S 


—540 


9 

Freight 

Outside 

2 

—1040 

-1040 

10 

Freight 

Outside 

1 

—870 

—  870 

30 

190 


12 


Freight 
Passenger 


Outside 
Outside 


-980 
-1200 


-980 
-1200 


13 


14 


Freight 
Passenger 


Freight 
Passenger 


Inside 
Outside 
Inside 
Outside 


—160  / 
—330  S 
—650  / 
—870^ 


Outside 
Outside 


-980 

-870 


—245 

-760" 


—980 
—870 


15 


Freight 
Passenger 


Inside 
Outside 
Inside 
Outside 


620  * 
-1630  \ 

540  / 
-1850  <i 


—505 
—650 


16 


Freight 
Passenger 


Inside 
Outside 
Inside 
Outside 


10 


lo30  / 

-1250  C 

980^ 

-2230  f 


-110 
-62o 


17 


Freight 


Outside 


1470 


1470 


18 


Freight 
Passenger 


Inside 
Outside 
Inside 
Outside 


—540  } 
2400  f 

—760  / 
2280  f 


930 

760 
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Examining  the  results  in  detail  it  will  be  noted  that  in  the  end 
stiff eners.  Xos.  i,  2,  17  and  18,  there  is  considerable  axial  compres- 
sion, as  would  be  expected,  owing  to  the  local  concentrations.  These 
stresses  are  heav'er  in  Nos.  2  and  17  than  in  the  stifFeners  at  the  ex- 
treme end.  This  also  is  to  be  expected.  Stiff  eners  Nos.  3,  4,  15 
and  16  are  again  alike  in  that  they  all  show  considerable  bending, 
with  tensile  stresses  on  one  side  and  compressive   stresses  on   the 


^.(hh  nnc) 


R' 


Q. 


Q 


ClQ 


/? 


^  rAir 


r^ 


SI 


Q 


a 


ClH 


Uch  hi ) 


Q. 


a 


ffO0h — 


^<?  ^£>  ^OJ 

5ca/e   of  f-eet 
Fig.  4 
Engine  Diagrams. 


Q 


a 


so 


Q. 


60 


12  3    4.     5        6         7       8        9  /O       /I       /?       13       /4    /5    le  /7 /8 

l^umber  of  ShfFzrTer 
Average  Axial  Stress  in  Stiffness  Undei-  Freight  Engine  (from  Table  No.  2) 


?96 


Turneaure — Stresses  in  Plate  Girders. 


other.  The  axial  stresses  are  small,  being  mainly  tension.  Nos. 
6,  8,  II  and  13  show  considerably  less  bending  and  small  resultant 
stresses.  It  is  to  be  further  noted  that  the  axial  stresses  in  all  these 
stiffeners  are  about  the  same  at  one  end  as  at  the  other,  indicating 
that  the  direction  of  movement  has  little  effect. 

The  intermediate  stiffeners  to  which  floor-beams  are  attached, 
Nos.  5,  7,  9,  10,  12  and  14,  all  show  tensile  stresses  on  the  outside 
angle.  Probably  the  axial  stress  is  also  tensile  as  the  gusset  plate 
would  prevent  much  bending.  Fig.  5  is  a  diagram  of  the  axial 
stresses  from  Table  No.  2  for  the  freight  engines.  It  represents 
quite  clearly  the  general  conditions. 

The  results  of  these  experiments  would  seem  to  show  quite  con- 
clusively: 

(i),  that  under  ordinary  working  conditions  the  axial  stresses 
in  intermediate  stiffeners,  subjected  to  no  local  loading,  will  be  very 
small — practically  nothing, — but  that  these  stiffeners  are  likely  to  be 
subjected  to  some  bending; 

(2)  that  stiffeners  at  points  of  concentration  (end  stiffeners  and 
stiffeners  supporting  floor-beams)  will  be  stressed  in  a  manner  de- 
pending upon  the  direction  and  point  of  application  of  such  concen- 
tration. These  results  are  what  would  be  expected  from,  theoretical 
considerations.  As  shown  at  the  beginning,  the  theoretical  tensile 
or  compressive  stresses  on  vertical  lines  are  zero.  Hence  it  follows 
that  stiffeners  riveted  on  the  web  in  a  vertical  position  cannot  receive 
direct  stress.  Thev  aid  of  course  in  preventing  bending  of  the 
web,  as  indicated  by  the  bending  stresses  to  which  they  are  sub- 
jected. Stiffeners  at  points  of  load  concentration  will  receive  stress 
as  the  web  stresses  at  such  points  involve  more  or  less  direct  stress 
on  vertical  lines. 


L.\BORATORY  EXPERIMENTS  ON  A  SPECIAL  GIRDER. 

To  carry  the  work  a  step  further  a  special  girder  was  constructed 
in  accordance  with  the  drawing  of  Fig.  6.     The  girder  was  built  by 
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the  Wisconsin  Bridge  Company  and  in  details  it  is  largely  the  design 
of  .Mr.  Andrews  Allen  of  that  Company.  Test  specimens  of  the 
web  material  showed  an  ultimate  strength  of  50,300  lb.  per  sq.  in. — 
a  yield  point  of  37,700  lb.  per  sq.  in.  and  an  elongation  of  25  per 
cent;  specimens  of  the  flange  material  showed  an  ultimate  strength 
of  60,700  lb.  per  sq.  in.  and  a  yield  point  of  45,000  lb.  per  sq.  in. 

The  capacity  of  the  testing  machine  available  for  the  work  was 
100,000  lb.  and  ic  was  the  aim  to  secure  a  girder  as  large  as  could  be 
handled  in  this  machine  and  one  whose  web  would  be  the  weakest 
element.  A  web  thickness  of  \i-\nQ.\\  was  used  with  flanoes  very 
strong  and  thoroughly  riveted  to  the  web.  It  was  the  purpose  in  this 
e.Kper'ment  to  study  stresses  in  a  web  unsupported  by  stiflFeners.  both 
within  and  beyond  the  elastic  limit.  StiflFeners  were  therefore  used 
only  at  points  of  loading  and  at  supports.  It  was  intended  to 
apply  loads  at  first  at  the  center  and  then,  if  necessary  to  cause  rup- 
ture, at  the  quarter  point.  Permanent  stiflFeners  were  therefore 
placed  at  the  center,  but  at  the  quarter  point  the  stiflFeners  were  not 
put  on  till  needed.  They  consisted  of  angles  well  bolted  to  the 
girder  with  machine  bolts. 

From  the  figure  it  will  be  seen  tliat  the  unsupported  depth  of  web 
was  14  inches.  The  actual  thickness  was  0.14-in.  so  that  the  ratio 
of  unsupported  depth  to  thickness  was  100.  The  unsupported  length 
without  the  stiflFeners  at  the  quarter  point  was  6  ft.  2  in.  and  with 
such  StiflFeners  it  was  2  ft.  7  in. 

The  first  series  of  tests  consisted  in  the  appHcation  of  loads  at 
the  center  by  increments,  with  measurements  of  web  distortion  by 
extensometers.  These  distortions  were  measured  on  several  diag- 
onal and  vetrical  lines  as  shown  on  Fig.  7.  Two  dial  extensometers 
were  used,  one  attached  to  each  side  of  the  web,  readings  being  taken 
over  a  length  of  about  10.5  in.  vertically  and  15  in.  diagonally. 

Several  runs  were  made  with  a  maximum  load  limit  of  50.000  lb. 
in  order  to  obtain  distoritions  over  the  several  lines  shown  in  Fig. 

7  without  causing  permament  deformation.  The  results  of  these 
series  are  given  in  Table  No.  3.  in  Fig.  7,  and  in  the  curves  of  Figs. 

8  to  16.  In  Table  No.  3  the  stresses  per  square  inch  are  calculated 
on  the  basis  of  30,000,000  for  the  modulus  of  elasticity  and  for  the 
center  load  of  50,000  lbs.  Average  results  are  given  in  Fig.  7,  and 
in  the  diagrams,  typical  load-deformation  curves  are  plotted  giving 
the  actual  readings  of  extensometers  and  the  average  or  resultant 
deformations.  The  stresses  in  Table  No.  3  and  in  Fig.  7  are  cal- 
culated from  average  deformations  of  the  pair  of  extensometers 
and  therefore  represent  closely  the  axial  stress. 

In  Fig.  17  is  given  the  theoretical  distribution  of  the  shearing 
stress  over  the  web  in  this  case.  The  theoretical  tensile  and  com- 
pressive stresses  on  45  deg.  lines,  as  already  shown,  average  the 
same.  On  this  basis  the  dotted  lines  are  drawn  in  the  diagrams 
Figs.  8-16,  representing  the  theoretical  deformations.  For  the  ver- 
tical lines  (Fig.  7)  the  theoretical  stresses  are  zero. 

Noting  some  of  the  results  in  detail  it  will  be  seen  that  in  most 
cases  the  readings  of  the  two  opposite  extensometers  diflFer  greatly. 
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In  Figs.  8  and  ii,  for  example,  one  shows  considerable  tension  and 
the  other  about  an  equal  compression.  The  average  is  nearly  zero. 
In  Figs.  9  and  15  the  results  are  likewise  of  opposite  sign,  but  the 
averages  show  considerable  elongation,  corresponding  to  the  tension 
on  the  45  deg.  diagonal.  This  large  difference  in  readings  of  the 
two  extensometers  is,  of  course,  due  to  the  warping  or  bending  of 
the  web,  causing  a  movement  of  extensometers  of  opposite  sign. 
This  does  not  necessarily  indicate  a  buckling  due  to  over-stress  but 
only  a  change  in  condition  in  the  web  from  its  initial  condition.  As 
a  matter  of  fact  the  web  was  more  or  less  warped  initially,  as  all 
webs  are.  This  is  shown  for  various  sections  in  Fig.  18.  The 
bending  of  the  web  may  thus  be  quite  as  much  a  "straightening" 
as  a  bending.  As  this  tendency  appears  to  be  greater  on  the  tension 
diagonals  than  on  the  compression  diagonals  the  action  wou'd  in  fact 
appear  to  be  more  a  straightening  than  a  bending. 

The  actual  amount  of  bending  is  not  great,  as  the  extensometers 
were  so  connected  as  to  record  the  deformation  at  a  considerable  dis- 
tance from  the  axis,  about  2  inches. 

There  is  no  indication  of  a  stress  exceeding  the  elastic  limit  for 
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the  load  of  50,000  pounds.  The  resultant  curves  are  practically 
straight  lines  and  the  different  runs  give  practically  the  same  results. 
Examining  the  results  shown  in  Fig.  7  it  will  be  noted  that  the  aver- 
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age  diagonal  compressive  stress  is  somewhat  larger  than  the  conju- 
gate tensile  stress,  the  difference  varying  from  500  to  3200  lbs  per 
sq.  in.  The  vertical  stresses  range  from  800  to  1380  lb.  per  sq. 
in.  The  theoretical  average  diagonal  stress  is  about  8300  lb.  per 
sq.  in. 

There  is  thus  some  excess  of  actual  over  theoretical  stress,  but 
considering  the  nature  of  the  experiments  the  results  may  be  con- 
sidered as  a  satisfactory  agreement  with  theory.  It  is  to  be  noted 
further  that  the  effect  is  the  same  at  points  near  and  remote  from 
stiffeners.  Doubtless  the  excess  of  distortion  over  the  theoretical 
is  due  to  the  bending  and  warping  action  of  the  web. 

Following  the  series  of  tests  described,  loads  were  then  applied 
up  to  a  maximum  of  100,000  pounds  at  the  center.  Elongation  line 
E  G  and  compression  line  F  H  were  measured.  The  results  are 
shown  in  Figs.  19  and  20  with  theoretical  lines  as  before.  Aver- 
ages only  of  the  two  extensometers  have  been  shown.  In  these 
curves  there  appears  to  be  a  marked  elastic  limit  point  at  from  30,000 
to  32,000  lbs  shear.  (60,000-64,000  pounds  load).  The  compression 
on  line  F  H  on  a  second  run  is  given  in  Fig.  21.  This  indicates  gen- 
erally an  increased  deformation.  The  condition  of  the  web  as  to 
buckling  is  shown  in  Fig.  18.  This  indicates  a  large  permanent 
deformation  under  100,000  pounds  center  load. 

The  load  was  now  shifted  to  the  quarter  point  and  100,000  pounds 
applied.  Measurements  were  made  on  line  C  C  (Fig.  7).  with  results 
shown  in  Fig.  22  and  buckling  effects  as  shown  in  Figs.  23  and  24, 
The  permanent  distortion  was  now  excessive  under  the  shear  of 
75,000  pounds. 

Upon  the  completion  of  a  testing  machine  of  larger  capacity  the 
test  was  continued  to  rupture  with  results  as  shown  in  Fig.  23  and 
in  the  photographs  of  Figs.  25  and  26.  The  girder  failed  primarily 
by  buckl'ng  in  a  series  of  sharp  wrinkles,  but  ultimately  by  the  web 
tearing  apart  on  lines  about  at  right  angles  to  these  wrinkles.  At 
these  larger  distortions  the  individual  bending  resistance  of  the 
flanges  added  considerably  to  the  strength  of  the  girder,  estimated 
at  from  10,000  to  15,000  pounds,  considered  as  total  shear.  The 
shear  at  ultimate  load  was  104,700  pounds. 

Summarizing  these  results  w^e  find  good  elastic  conditions  were 
maintained  for  loads  of  50,000  pounds  (25,000  pounds  shear),  that 
the  elastic  limit  was  reached  at  a  shear  of  about  30,000  pounds  and 
that  final  failure  occurred  at  a  shear  of  104,700  pounds,  although, 
considering  the  large  permanent  buckling  occurring  at  earlier  loads 
and  the  effect  of  the  large  flanges,  a  value  of  75,000-80,000  pounds 
may  be  considered  as  a  more  significant  measure  of  the  web  strength. 

On  the  assumption  of  stress  variation  of  Fig.  17  the  average  shear- 
ing stress  in  the  web  at  these  different  stages  would  be  as  follows: 

Total  Shear,  Av.  Shearing  Stress  in  Web  be- 

Pounds  tween  Flanges,  per  sq.  in. 

25,000  8,300 

30,000  '             9,930 

80,000  26,500 

104,700  34,700 
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Fig.  24. 
100,000  Lb.  at  "Quarter  Point." 


Fig.  25. 
Girder    after    Failure. 
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Fig.  26. 

Showing  Progress  of  Final  Failure. 

1.  Top  angles  buckled  at  a  load  of  112.000  lbs.  at  quarter  point. 

2.  Top  angle  began  to  tear  at  load  of  120,000  lbs. 

3.  Bottom  angle  began  to  tear  at  load  of  128,000  lbs. 

4.  and  5.     Web  opened  at  load  of  132,000  lbs. 

5.  6,  7,  8.     Web  opened  progressively  at  loads  of  136,000  to   139,000  lbs. 
Maximum  load  was  139,600  lbs. 

After  excessive  buckling  occurred  the  stresses  were  greatly  modi- 
fied locally.  The  flanges  began  to  crack  and  finally  the  web  opened 
up  at  several  points  as  shown  in  the  photographs. 

Some  comparison  inay  perhaps  be  made  with  theoretical  values 
on  the  diagonal  column  theory.     On  a  diagonal  line  the  unsupported 

length  is  about  140  times  the  thickness.     For  a  column  with  fixed 

""  EI 

ends  Euler's  formula  gives  as  the  ultimate  load  P  =    4  tt"    —ry-      In 

t     .)  . 
pounds  per  sq.  in.  this  reduces  to  p  =  ^-n^  E(— )-  in  w^hich  t  = 

thickness  and  1  =  unsupported  length  of  column.  Applying  this 
to  the  case  in  hand  the  ultimate  buckling  strength  is  found  to  be 
5000  lbs.  per  sq.  in. 

In  the  girder  tested  the  elastic  strength  is  about  10,000  lbs.  per 
sq.  in.,  and  considering  the  nature  of  the  case  one  half  of  the  value, 
or  5000  lbs.  per  sq.  in.  may  be  taken  as  a  safe  value.  This  is  equal 
to  the  ultimate  strength  by  Euler's  formula :  It  follows  from  this 
that  if  it  may  be  assumed  that  the  buckling  strength  of  a  web  varies 

with   (-p)'j  as  in  Euler's  formula,  then  the  safe  strength  for  any 

web  without  stififeners  would  be  approximately  equal  to  the  ulti- 
mate strength  as  determined  by  Euler's  formula,  but  not  of  course 
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exceeding  the  limiting  safe  strength  permitted  for  shear.  [It 
seems  proper  to  use  Euler's  formula  here  for  comparative  purposes 
in  preference  to  other  column  formulas  as  the  member  considered 
is  relatively  slender]. 

Comparing  these  results  with  practice,  a  common  rule  is  that 
stiff eners  are  not  needed  if  the  unsupported  width  of  web  is  not 
more  than  60  times  its  thickness.  If  10,000  lbs.  be  taken  as  the  limit- 
ing stress  for  a  web  plate  and  assuming  the  same  law  of  strength 
to  hold  for  shallower  beams  the  tests  would  indicate  that  a  safe 
strength  of  10.000  lbs.  would  be  reached  by  decreasing  the  ratio  of 
depth  to  thickness  from  100  to  100  x  1/^  or  to  70.  This  would 
indicate  that  present  practice  is  not  far  from  correct.  A  ratio  of  80 
to  I  as  is  sometimes  used,  would  appear  to  be  too  high.  Again, 
some  specifications  would  permit  in  such  a  web  as  here  tested  a 
stress  according  to  the  following  formula, 

S  =  10000-75-— -where— is  the  ratio  of  the   depth  to  thickness. 

This  would  give  a  value  of  2500  lb.  per  sq.  in.,  a  value  much  below 
than  here  found. 

As  to  the  probable  effect  of  stififeners,  it  is  to  a  large  extent  prob- 
lematical. The  horizontal  clear  space  between  stiffening  plates, 
with  a  load  at  the  quarter  point,  was  2  ft.,  7  in.,  or  2.2  times  the  ver- 
tical distance.  It  is  not  likely  that  the  spacing  was  close  enough  to 
materially  strengthen  the  web.  The  wrinkles  had  already  begun  to 
develop  under  center  load  and  before  the  stiffeners  were  bolted  on 
at  the  quarter  point.  These  wrinkles  were  practicall}'  at  45  deg. 
and  it  was  these  same  wrinkles  that  developed  at  failure  to  the  extent 
shown  in  the  photographs.  It  would  seem,  however,  from  an  inspec- 
tion of  the  photographs,  that  a  spacing  of  stiflPeners  a  little  closer 
than  that  used  would  have  afforded  some  aid.  and  that  a  spacing 
equal  to  the  vertical  clear  space  between  flanges  would  have  aided 
materially.  With  reference  to  this  point,  it  is  expected  that  further 
tests  will  be  made. 

As  general  conclusions  that  may  be  drawn  from  the  tests  herein 
described,  the  following  are  offered: 

1.  The  stresses  in  web  plates  without  stiffeners,  when  stressed 
within  their  elastic  limit,  agree  closely  with  the  theoretical  stresses. 

2.  The  stresses  in  web  plates  with  stiffeners,  when  stressed  within 
the  elastic  lim't,  agree  closely  with  the  theoretical  stresses ;  and  as 
a  necessary  result  the  axial  stresses  in  vertical  stiffeners,  not  sub- 
jected to  local  loads,  are  practically  zero. 

3.  The  bending  stresses  in  vertical  stiffeners  may  be  consider- 
able. 

4.  The  elastic  limit  strength  of  a  web  plate  without  stiffeners  is, 
in  the  case  here  noted,  about  twice  the  ultimate  strength  given  by 
Euler's  column  formula  applied  to  a  diagonal  column  element. 

5.  If  the  strength  of  a  web  plate  without  stiffeners  may  be  as- 
sumed to  vary  as  {-t-Y,  then  the  practice  of  omitting  stiffeners  when 
-T-  is  more  than-rTris  nearlv  correct. 
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Discussion. 
Mr.  Andreti's  Allen  (Chairman)  :  This  paper  will  appeal  to  all 
designers  of  steel  bridges,  as  it  relates  to  a  subject  on  which  very 
little  experimental  work  has  been  done.  As  a  matter  of  fact,  the 
web  plates  of  girders  seldom  give  evidence  of  weakness,  even  where 
thev  are  carrying  traffic  far  above  the  capacity  for  which  they  were 
designed. 

Much  of  our  knowledge  of  engineering  structures  has  come  to  us 
from  observation  of  their  behavior  under  strains  beyond  their  normal 
capacity  and  even  more  valuable  knowledge,  I  regret  to  say,  is  fre- 
quently obtained  from  our  failures.  Very  little  in  regard  to  web 
stresses  has  been  learned  in  either  of  the  above  ways. 

The  stresses  in  webs  have  been  determined  analytically  and  also 
experimentally  bv  means  of  thermal  measurement  and  by  extenso- 
meter  readings,  but  I  do  not  know  of  anv  experiments,  except  those 
described  this  evening,  that  have  been  made  upon  a  specially  con- 
structed girder,  designed  to  bring  out  the  weaknesses  of  the  web 
and  to  indicate  its  method  of  failure. 

It  may  be  said,  of  course,  that  this  girder  is  an  abnormal  produc- 
tion, and  therefore  does  not  give  us  a  very  good  indication  of  the 
way  a  web  behaves  in  a  properly  designed  girder.  All  this  is  true, 
but  it  was  necessary  to  make  the  girder  abnormal  in  order  to  get  any 
results  at  all  on  the  web.  The  web  had  to  be  made  so  weak  relatively 
to  the  flanges  that  ij:  would  fail  under  some  practicable  stress  and  so 
that  it  would  begin  to  show  weakness  before  the  flanges  were  af- 
fected. 

I  believe  that  these  experiments  will  add  something  to  the  knowl- 
edge of  the  world  on  the  question  of  web  stresses  and  I  think  we 
should  feel  especially  complimented  in  having  them  first  presented 
before  our  Societv.  Of  course,  as  Prof.  Turneaure  has  indicated, 
these  experments  leave  many  questions  undetermined,  and  a  large 
field  for  future  experiments.  The  structural  designer,  however,  is  es- 
pecially interested  in  the  practical  deductions  from  these  experiments, 
and  I  hope  that  the  discussion  will  cover  such  deductions  as  the  proper 
spacing  of  rivets,  the  proper  spacing  of  stiffeners  and  the  determina- 
tion of  their  size,  also  the  proper  method  of  splicing  girder  web 
plates. 

Mr.  J.  W.  Lndloiv,  m.w.s.e.  :  In  addition  to  the  deductions  here 
derived,  I  thought  as  I  read  the  paper  that  it  would  have  been  in- 
teresting if  there  had  been  some  general  deduction?  that  would  throw 
some  light  on  a  cross-section  of  those  stiff^eners.  There  is  given,  in 
these  tests  upon  a  railway  girder  in  service,  the  stress  per  square 
inch,  and  I  am  wondering  if  that  was  sufficient,  with  the  few  tests 
that  could  be  made  on  each  one,  to  aid  in  deriving  any  general  con- 
clusions regarding  the  sections  of  those  stiflFeners,  that  should  be 
adopted  in  general  practice. 

Another  point  is  in  regard  to  the  end  angles  in  this  railway  girder. 
I  notice  by  the  stresses  developed  in  these  end  angles  that  the  inside 
two  angles  of  the  set  of  four  receive  practically  70  per  cent,  of  the 
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entire  load,  or  the  stresses  are  in  that  ratio.  A  custom  which  has 
varied  widely  among  bridge  engineers,  is,  how  much  difference 
should  be  made  in  inside  and  outside  stiffener  angles,  or  whether  any 
difference  should  be  made.  Some  take  three-quarters,  and  that  seems 
to  be  thoroughly  justified  by  these  results.  Others  insist  that  they 
should  be  made  practically  equal.  I  am  wondering  whether  these 
experiments  are  sufficient  to  give  any  definite  information,  and  per- 
haps the  author  of  this  paper  can  give  us  more  lieht  along  this  line. 
Prof.  Albert  Smith,  m.w.s.e.  :  There  have  been  made  in  the  past 
two  years,  under  my  supervision,  a  series  of  tests  on  plate  girder 
stiffeners  by  students  doing  thesis  work  at  Purdue  University.  In 
the  course  of  these  observations  we  have  made  tests  on  three  plate 
girders  in  actual  service  and  one  model  plate  girder.  The  results 
on  the  model  plate  girder  Avere  rather  unsatisfactory.     Being  dis- 
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satisfied  with  those  results,  we  attached  an  exte'nsometer  to  the  out- 
standing legs  of  the  stiffeners  of  an  old  railway  plate  girder  now  in 
use  by  the  Wabash  Valley  Traction  Co.  The  tests  on  two  stiffeners 
inside  and  outside  at  a  single  point  showed  a  tension,  much  to  our 
surprise.  The  stresses  found  may  be  seen  on  the  sketch  Fig.  27. 
The  experiments  were  then  discontinued  for  that  year.    Last  year 
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observations  were  made  on  two  railway  plate  girders  of  the  deck  type, 
and  in  a  series  of  three  observations  on  a  44  ft.  6  in.  span  and  three 
on  an  80  ft.  span  we  found  compre.-^sion  in  all  but  one  of  them. 

Referring  to  Fig.  28  shows  the  dimensions  of  the  stiffness  and  the 
results  of  the  observation. 

These  tests  were  made  with  a  rolling  extensometer.  Owing  to  the 
fact  that  the  reading  had  to  be  taken  through  a  telescope  on  the  image 
of  a  level  rod,  it  was  impossible  to  observe  hi2:h  speed  trains,  so  we 
had  to  wait  for  a  particular  train  which  would  stop  directly  on  the 
bridge.  That  prolonged  the  work  considerably  and  made  it  impos- 
sible to  make  more  tests.    However,  the  observations  on  slowly  mov- 
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ing  trains  with  cars  directly  over  the  point  of  observation  showed 
that  the  cars  brought  almost  no  stress  in  the  stiffener ;  that  the  stress 
m  the  stiffener  was  produced  by  the  engine. 

The  tests  on  a  44  ft.  6  in.  girder  follow  in  general  character,  those 
on  the  80  ft.  girder ;  the  results  of  these  tests  are  shown  in  Fig.  29. 

The  most  interesting  point  to  me  in  those  observations  was  the 
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fact  that  a  few  seconds  after  the  train  passed  oflf  the  bridge,  we  no- 
ticed a  slow  return  of  the  reading-  of  the  instrument.  It  did  not  make 
Its  complete  return  until  a  few  seconds  after  the  load  was  removed. 

In  connection  with  tests  made  sometime  before  it  would  seem  to 
me  to  indicate  that  rivets  of  a  long  joint  slip. 

I  ain  inclined  to  think  that  the  stress  on  the  rivets  of  a  plate  girder 
is  not  of  the  same  character  through  all  of  its  loading ;  at  its  heaviest 
loading  some  rivets  are  likely  to  slip,  and  after  the  load  is  removed 
those  rivets  are  not  likely  to  pull  back  to  their  original  position.    We 

•  44-6"  P/ote  Girder  of  CCGh>5tLR.R. 
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hope  to  have  some  tests  later  on  which  will  aid  us  in  this  respect. 
In  general  the  results  we  have  very  strongly  resemble  the  results 
Prof.  Turneaure  has  obtained. 

Mr.  Allen :  At  what  point  in  the  stiff ener  were  these  observations 
taken  ? 

Prof.  Smith :    Just  about  the  middle. 

Mr.  Allen :  That  would  probably  indicate  that  stresses  in  the 
stiffener  are  largely  local. 

Prof.  0.  H.  Basquin,  m.w.s.e.  :  I  will  refer  to  page  3,  paragraph  d, 
of  the  paper:  "The  tensile  and  compressive  stresses  on  horizontal 
planes  are  zero  at  all  points."    I  suppose  that  this  statement  applies 
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only  on  the  supposition  of  a  uniform  section  from  end  to  end ;  the 
introduction  of  a  stiffener  slightly  changes  the  application  of  this 
statement  for  the  reason  that  in  the  upper  half  of  the  girder  there  is 
compressive  stress  on  vertical  planes;  therefore  the  upper  half  of 
the  girder  becomes  a  little  deeper,  due  to  the  distortion  at  right  an- 
gels, the  ratio  of  strains  in  the  two  directions  being  about  one-third. 
If  a  stiffener  is  introduced  to  constrain  this  distortion  in  a  vertical 
direction,  there  ought  to  be  a  tension,  it  seems  to  me,  in  this  stiffener 
in  the  upper  half,  and  a  corresponding  compression  in  the  lower  half 
of  the  stiffener.  This  is  not  of  any  great  importance,  because  it 
would  never  be  one-third  of  the  corresponding  compression  or  tensile 
stress  of  the  web.  It  may,  however,  account  for  the  divergent  re- 
sults which  Prof.  Smith  has  recorded  in  his  experiments. 

Mr.  Allen :  I  have  here  some  data  relating  to  specification  re- 
quirements for  stiffeners  on  different  railroads.  It  will  be  of  inter- 
est, possibly,  as  indicating  the  very  wide  diversion,  in  present  practice 
and  opinion,  on  this  very  important  question.  The  list  covers  seven 
or  eight  specifications  and  was  taken  at  random  from  our  files. 

(i)     Cooper.  1896— Unit  stress  allowed  in  web 

12.000 


3000  t'^ 

d 

(i)     Cooper,  1906 — Unit  stress  allowed  in  web  10,000 — 75— 

t 
Wabash,  1896 — Thickness  of  1/60  of  unsupported  depth  ,  al- 
lowed without  stiffeners. 

d 
(2;     Wabash,  1905 — Unit  stress  allowed  in  web  12,000 — 40— 

t 
Frisco,  1901— Thickness  of  1/80  of  unsupported  depth,  al- 
lowed without  stiffeners. 
Frisco,  1906 — Thickness  of  1/60  of  unsupported  depth,  al- 
lowed without  stiffeners. 
Missouri  Pacific,  1902 — Thickness  of  1/60  of  unsupported 
depth,  allowed  without  stiffeners. 

d 
(2)     Western  Pacific — Unit  stress  allowed  in  web  16,000—100 — 

t 
(2)     Am.  Rv.  Eng.  &  M.  of  W.  Assc'n,  Unit  stress  allowed  in 
d 
web  12.000 — 40 — 
t 

American  Bridsre  Co. — Thickness  of  1/60  unsupported  depth, 
allowed  without  stiffeners. 
Ci)     Unit  stresses — 10.000  live — 20.000  dead. 
(2)     Unit  stresses— 16.000  lbs.  for  dead,  live,  and  impact. 
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It  may  possibly  be  of  some  interest  to  suggest  some  considerations 
in  regard  to  the  splicing  of  webr.  These  considerations  are  hardly 
in  the  nature  of  deductions  from  these  experiments,  but  they  bear  on 
the  same  subject,  and  are  well  illustrated  by  the  experiments. 

It  can  now  be  considered  established  practice,  in  girder  design,  to 
count  the  web  plate  as  effective  in  bending.  This  makes  it  necessary 
to  splice  the  web  plates  to  resist  longitudinal  forces,  usually  by  the 
rule  of  thumb  equivalent  to  i/6  or  i/8  of  the  web,  and  it  has  been 
customary  to  take  care  of  the  longitudinal  forces  by  placing  longi- 
tudinal splice  plates  just  inside  the  flange  angles  at  the  top  and  bot- 
tom of  girder.  leaving  the  shortened  vertical  splice  plate  to  carry  the 
shear.  Now  without  entering  into  an  extended  argument  on  the 
subject,  does  it  not  seem  more  rational  to  splice  the  web  plate  so  as 
to  resist  forces  in  any  direction,  and  so  as  to  make  the  splice  as  strong 
as  the  web?  This  is  neither  difficult  nor  expensive.  One  plate  of 
moderate  size  on  each  side  of  the  web  with  three  lines  of  rivets  each 
side  will  splice  anv  web  (between  the  limits  of  the  flange  angles)  in 
tension,  and  if  properly  spliced  for  tension  it  will  resist  bending  as 
well  as  the  unspliced  web.  The  rivets  should  be  spaced  at  equal  dis- 
tances apart  vertically,  and  their  value  will  varv  as  their  distance' 
from  the  vertical  axis  just  as  the  fiber  stresses  in  the  web  vary,  there- 
fore the  longitudinal  forces  in  the  web  travel  directly  through  the 
splice  instead  of  being  deflected  up  or  down  to  go  through  the  special 
longitudinal  splice  plates  usually  provided.  The  web  plate  beneath 
tlie  flange  angles  can  best  be  spliced  by  excess  metal  in  the  cover 
plate,  and  it  is  therefore  best  to  locate  the  splice  where  there  is  suf- 
ficient excess  metal  to  take  care  of  this. 

CLOSURE. 

Prof.  Turneaure:  Mr.  Ludlow  asked  whether  we  were  able  to 
draw  any  conclusions  as  to  the  effective  or  proper  size  of  stiffener. 
We  have  tried  to  limit  our  conclusions  to  reasonable  bounds  (per- 
haps we  have  already  overstepped  those  bounds)  and  did  not  under- 
take to  enter  into  the  question  of  size  of  stiffener.  The  data  are  hardly 
sufficient  to  warrant  any  conclusions  on  this  point. 

What  seems  to  be  shown  by  these  experiments,  and  also  by  those 
mentioned  as  having  been  made  at  Purdue  University,  is  the  small 
amount  of  stress  in  the  stiffener.  In  the  case  of  all  stiffeners,  except 
at  points  of  local  loading,  the  stresses  are  in, the  hundreds  of  pounds 
per  square  inch.  In  the  stiffeners  of  the  plate  girders  tested  at  Pur- 
due University,  while  the  bending  stresses  appear  to  run  as  high  as 
2,000  pounds  per  square  inch,  the  axial  stress,  taking  the  average  of 
the  stresses  on  the  two  sides,  was  in  no  case  in  excess  of  500  pounds 
per  square  inch,  and  generally  lower.  With  such  small  stresses  the 
problem  of  size  is  one  which  must  be  answered  from  another  point 
of  view ;  that  is,  how  large  an  angle  is  necessarv  to  give  the  web 
proper  stiffness?  The  observations  on  the  stiffeners  were  taken 
somewhat  above  the  center.  This  should  make  some  difference  in 
the  case  of  stiffeners  where  there  are  local  concentrations  at  the  end 
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for  example,  where  there  is  considerable  compression,  a  greater  com- 
pression would  be  found  near  the  lower  end  than  the  upper,  but  our 
observations  did  not  cover  that  point. 

In  re':]^ard  to  the  sudden  breaks  in  the  shear  diagram,  it  should  be 
borne  in  mind  that  the  assumption  with  respect  to  these  girders  was 
that  the  flanges  and  web  plate  were  equivalent  to  a  solid  section,  and 
the  ed3:es  of  the  angles  were  assumed  perpendicular  to  the  sides,  so 
as  to  give  an  outline  bounded  by  straight  lines  and  right-angle  cor- 
ners. Strictly  speaking  the  curved  form  would  somewhat  modify 
these  square  ofif-sets.  This  however  does  not  afiFect  the  general 
statement  as  to  the  distribution  of  the  stress  in  the  body  of  the 
web. 

In  the  specification  of  the  American  Railway  Engineering  and 
Maintenance  of  Wax  Association  quoted  by  Mr.  Allen,  the  provision 

d 
is  I2.oo(> — 40 — .     This  is  undoubtedlv  a  good  working  formula,  but 

t 
I  call  attention  to  the  fact  that  in  this  particular  girder  it  would  give 
a  strength  of  8,000  lbs.  per  sq.  in.,  whereas  the  elastic  limit  strength 
stress  was  about  10,000  lbs.  per  sq.  in.  Of  course  the  theory  used 
here  in  the  analysis  of  stresses  is  the  ordinarv  one  :  it  does  not  take 
account  of  the  lateral  deformations  of  the  web.  Taking  these  strictly 
into  account,  there  would  be  some  vertical  elongation  in  the  upper 
half  of  the  girder,  and  shortening  in  the  lower  half.  These  effects 
would  be  very  small,  and  averaging  the  amount  from  end  to  end  of 
the  stififener  it  would  be  zero.  Consequently  this  was  not  taken  into 
account. 
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lert'iii  Deutscher  Ingenieure  Berlin  (NW.  7),  charlottenstrable  4 

Fernsprecner  Ami  i,  No.  7165  middle  of  October,  1907 

REICHSBANK-GIROKONTO 

The  Society  of  German  Engineers  have  resolved  to  discontinue 
the  Tcchnolcxicon  because  the  work  has  turned  out  to  be  expensive 
beyond  all  expectation,  and  because  the  costs  requisite  for  its  ac- 
complishment within  the  allotted  time  exceed  the  pecuniary  means 
available  by  the  Society  for  this  purpose. 

All  letters  and  other  postal  matter  concerning  the  Tcchnolcxicon 
please  henceforth  to  send  to  the  undersigned  "Vcrein  Deutscher 
Ingenieure"  \  address:  Charlotteiistrasse  43,  Berlin   (NW.  7). 

For  the  furtherance  so  obligingly  bestowed  by  you  upon  our 
Technolexicon-undertaking,  we  once  more  beg  to  thank  you  most 
gratefully,  and  remain,  Yours  very  truly, 

Verein  Deutscher  Ingenieure. 

Tn.  Peters,  Director. 


THE  CULEBRA  COT  OF  THE  PANAMA  CANAL. 

A.   S.   ZlXN,    M.W.S.E. 

Presented  November  6,  1907. 

Eighty  years  ago  this  month  the  first  surveys  were  started  by  the 
Republic  of  Colombia  to  ascertain  the  most  eligible  line  of  commu- 
nication across  the  Isthmus  of  Panama,  whether  by  road  or  canal. 
The  first  report  was  made  to  Congress  of  the  United  States  on' the 
construction  of  a  Canal  across  the  Isthmus  in  1839. 

During  the  next  thirty  years  numerous  surveys  and  reports  on  the 
dififerent  canal  routes  were  made  .by  Mexico,  England,  Colombia, 
France  and  the  United  States.  In  1875  Captain  Lull,  U.  S.  A.,  was 
assigned  to  make  a  survey  and  report  on  the  Panama  route,  and  he 
reported  in  favor  of  a  route  corresponding  to  a  great  extent  to  the 
present  one. 

A  French  Company  was  organized  in  1876  and  entered  into  a 
contract  with  the  Colombian  Government.  This  contract  was  modi 
fied  in  1878;  under  this  latter  contract  the  general  route  of  the  pro- 
posed Canal  was  to  be  determined  by  an  international  congress  oi 
engineers.  It  was  before  the  congress  of  Geographical  Science  at 
Antwerp  in  1875  that  Mr.  DeLesseps  declared  that  in  his  opinion 
"an  inter-oceanic  canal,  in  order  to  meet  all  the  requirements  of  com- 
mercial navigation,  must  be  constructed  on  a  level  as  the  Suez  Canal 
had  been."  This  opinion  of  Mr.  DeLesseps  was  destined  to  prevail 
four  years  afterward  before  the  International  Congress  of  Surveys, 
after  a  great  deal  of  wrangling  among  its  members  as  to  the  best 
type  of  canal  to  construct. 

Mr.  DeLesseps  landed  at  Colon  in  December,  1879,  and  after 
spending  almost  two  years  on  preliminary  surveys  and  plans,  con- 
struction work  was  started.  In  1887  the  sea  level  plan  was  aban- 
doned and  a  lock  canal  plan  adopted ;  and  in  January,  1889,  a  re- 
ceiver was  appointed  and  work  abandoned.  A  new  French  company 
was  organized  and  commenced  work  in  1894  and  continued  up  to 
May.  1904,  when  the  Americans  took  charge. 

The  old  French  company's  work  extended  over  the  entire  route  of 
the  canal  from  the  Atlantic  to  the  Pacific,  a  distance  of  48  miles, 
while  the  new  French  company  devoted  their  whole  time — almost 
ten  years— to  the  Culebra  Cut,  which  is  the  subject  of  my  paper 
tonight. 

So  much  has  been  written  about  the  Panama  Canal  that  I  presume 
all  of  you  are  fairly  well  informed,  in  a  general  way,  about  what  has 
been  done  and  what  is  going  to  be  done.  The  work  has  now  pro- 
gressed so  far  that  an  accurate  account  of  it  all  would  fill  volumes. 
An  interesting  article  could  be  written  about  the  work  of  the  different 
departments  on  the  Culebra  Division  alone,  such  as  Constructing 
and  Engineering,  Municipal  Engineering,  Mechanical  Engineering, 
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Building  and  Construction,  Material  and  Supplies,  Police  Department, 
Division  of  Revenues.  Division  of  Schools,  Fire  Department,  Legal 
Department,  Department  of  Sanitation,  Auditing  Department,  and 
last,  but  not  least,  by  any  means,  the  Department  of  Labor,  Quarters 


North  end  of  Culebra  Cut — at  time  when  U.  S.  took  charge  of  the  work. 


and  Subsistance.  All  of  these  have  done  splendid  work  and  each 
form  an  important  part  of  the  great  wheel  that  has  started  the  ma- 
chinery necessary  to  the  success  of  a  great  undertaking.  You  have 
all  seen  pictures  and  read  of  the  "Great  Culebra  Cut,"  and  yet  you 
that  have  not  been  there  may  not  have  a  clear  idea  of  the  nature  of 
the  country,  and  the  general  conditions.  So  it  will  be  my  aim  to 
make  it  as  clear  to  you  as  possible.  The  accompanying  profile  of 
the  Panama  Canal  will  show  vou  the  location  and  limits  of  the  Cule- 
bra Cut,  extending  from  the  Rio  Chagres  to  the  Rio  Grande,  a  dis- 
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tance  of  9J4  miles.    The  south  end  is  8  miles  from  the  Pacific  Ocean, 
the  Continental  Divide  11  ,and  the  north  end  of  the  cut  17M  miles. 

The  French  records  show  that  about  12,600,000  cubic  yards  of  ma- 
terial was  taken  out  from  the  Culebra  Cut  by  the  old  French  company, 
and  10,000,000  cubic  yards  by  the  new  company;  or  a  total  of  22,- 
600.000  cubic  yards.  Our  cross  section  sheets  show  correct  cross 
sections  every  100  feet  at  the  time  the  Americans  took  charge  of  the 
work.  The  natural  surface  of  the  ground  is  well  defined  on  each 
side,  so  that  we  were  able  to  calculate  fairly  close  the  quantity  of 
material  removed  by  the  French  within  the  limits  of  the  canal  prism. 
We  estimated  that  about  17,000,000  cubic  yards  were  taken  out  within 
these  limit?.  On  account  of  the  old  French  company's  alignment  not 
corresponding  in  places  with  ours,  and  as  they  started  their  work 
for  a  seal  level  canal,  their  excavations  in  a  few  places  are  beyond 
our  slope  line,  so  that  their  report  of  22,600,000  cubic  yards  is  prob- 
ably about  correct.  I  have  shown  for  comparison  on  this  profile  an 
approximate  estimate  of  the  quantity  of  material  to  be  excavated 
after  October  ist,  1907.  The  total  being  104,624,000  cubic  yards, 
from  which  the  Culebra  Division  will  be  required  to  move  almost 
one-half,  or  47,909,000  cubic  yards.  Up  to  October  ist,  1907,  the 
Americans  removed  a  total  of  10,189,248  cubic  yards,  of  which 
6,360,145  cubic  yards  was  taken  out  the  first  nine  months  of  this 
year,  making  an  average  of  706,683  cubic  yards  per  month.  If  this 
average  is  continued,  it  will  be  equivalent  to  8,840,190  cubic  yards 
per  year,  or  5  years  and  8  months  to  complete  the  excavation 
of  the  Culebra  Cut.  October  reports  just  received  from  Washing- 
ton show  826,891  cubic  yards  removed  from  Culebra  Cut,  making 
an  average  of  718,704  cubic  vards  per  month  for  first  10  months  of 
this  year.  It  may  take,  possibly,  a  year  longer  to  reinforce  the  side- 
walls  with  concrete,  in  places  where  there  may  be  a  tendency  of  the 
rock  to  disintegrate  or  slide  into  the  canal. 

The  accompanying  graphical  diagrams  of  the  number  of  cubic 
yards  and  the  number  of  inches  of  rainfall  per  month  since  the  Amer- 
icans .took  charge  will  give  you  a  good  idea  of  the  progress  of  the 
work  as  well  as  the  amount  of  rainfall. 

You  can  easily  understand  why  the  yardage  was  so  low  up  to  the 
beginning  of  this  year  when  I  explain  the  conditions  and  extent  of 
necessary  preliminary  work.  When  the  Americans  took  charge  in 
May,  1904,  they  found  most  everything  in  a  wretched  condition, 
outside  of  the  Culebra  Division  where  no  work  had  been  done  for 
15  years  the  line  of  canal  was  so  completely  obliterated  by  tropical 
growth  that  one  would  believe  no  work  had  ever  been  done.  The 
Culebra  Division  showed  some  signs  of  life  ;  the  French  had  a  few 
excavators  loading  material  into  4-yard  dump  cars?  These  cars 
were  hauled  by  small  Belgium  engines  and  dumped  on  near-by  dumps, 
the  output  being  about  30,000  cubic  yards  per  month,  or  about  the 
same  as  we  are  now  getting  out  in  a  single  day. 

The  Americans  continued  the  work  with  this  poor  equipment  as 
they  had  no  other.     The  first  thing  to  look  after  was  to  provide 
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'isthmian     canal     COMMISSION                             CULEBRA    D/VI5ION 
GRAPHICAL    DIAGRAM  OF  NO  OF  CU   YDS.   AND  NO.  OF  INCHES  RAINFALL  PER  MONTH 
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Belgian  Engine,  with  Train  of  4-yd.  Frencli  Dump  Cars. 

houses  and  food  for  the  men.  The  encampments  at  Bas  Obispo,  Haut 
Obispo,  Las  Cascadas,  Empire,  Culebra,  Paraiso  and  Pedro  Miguel 
consisted  of  a  number  of  cheap  frame  houses  for  the  negro  laborers, 
and  a  number  of  better  class  houses  for  the  whites.  These  houses 
had  all  to  be  repaired  and  painted  to  make  them  fit  to  live  in.  The 
above-mentioned  encampments  are  now  all  beautiful  little  towns, 
with  new  and  comfortable  quarters  with  modern  improvements.  The 
houses  are  equipped  with  good  furniture,  bath  rooms  and  electric 
lights.  The  rapid  advance  in  improvements  can  be  best  understood 
by  referring  to  Empire  as  an  example.  When  I  went  there  a  year 
ago  we  were  having  rains  about  every  day  and  yet  we  only  had  about 
500  feet  of  wooden  sidewalk,  so  that  we  were  compelled  to  walk 
through  mud  to  reach  our  quarters ;  we  had  no  street  lights  and  used 
oil  lamps  in  our  rooms,  and  there  were  no  places  of  amusement ;  so 
about  all  we  could  do  at  night  was  to  read  and  tell  stories  and  listen 
to  the  rain  on  the  corrugated  iron  roofs.  This  soon  grows  monoto- 
nous to  anyone  and  I  itound  that  homesickness  was  sending  more 
good  young  men  back  to  the  States  than  anything  else.  The  Com- 
mission was  quick  to  grasp  the  situation,  and  from  the  beginning 
have  done  all  in  their  power  to  make  us  comfortable. 

Empire  is  now  a  town  of  about  4,000  inhabitants,  including  all 
nationalities.  We  have  wooden  sidewalks  leading  to  all  the  houses ; 
roads  have  been  built  and  paved;  15  arc  lights  have  been  put  into 
sTvice.  and  most  all  the  houses  are  now  lighted  by  electric  lights. 
.\  large  Commission  hotel  has  been  completed  where  all  white  em- 
plnyes  can  secure  a  good  meal  for  30c.  and  among  numerous  other 
improvements  are  a  new  school  house,  post  office,  court  house,  base- 
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ball  park,  and  a  well-equipped  Y.  M.  C.  A.  club  house,  provided  with 
reading  rooms,  entertainment  hall,  billiard  and  pool  room,  gymna- 
sium, bowling  alley,  refreshment  room  and  barber  shop.  I  am  re- 
ferring to  above  to  show  that  it  is  absolutely  necessary  in  order  to 


A  blast  in  the  Cut — also  showing  the  bad  condition  of  R.  R.  tracks,  as 
left  bv  the  French  Co. 


hold  the  right  kind  of  men  on  important  work  of  this  kind,  that  we 
must  look  after  their  comforts  and  general  welfare  or  they  will  be 
going  back  to  the  States  on  the  first  boat. 

Furnishing  quarters  and  provisions  for  the  men  was  one  of  the 
many  problems  that  confronted  the  first  officials  on  the  job.  Before 
anv  Drogress  in  the  work  could  be  made  machinery  and  material  had 
to  be  shipped  from  the  States.     Not  only  did  it  take  time  to  get  the 
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machinery  there,  but  it  had  to  be  assembled  after  it  arrived,  and  all 
they  had  to  help  them  put  it  together  was  a  few  old  machine  shops 
left  by  the  French.  All  the  railroad  tracks  were  in  bad  shape  and 
entirely  unsafe  for  modern  rolling  stock.  These  tracks  have  all  been 
replaced  with  new  ties  and  70-lb.  rail ;  new  tracks  have  been  built  to 
the  new  dumping  grounds  until  we  now  have  122  miles  of  good 
track  to  handle  material  from  the  Cut,  besides  the  Panama  Railroad 
has  been  double-tracked  in  order  to  help  us  handle  the  trains  more 
quickly. 

Before  going  further  it  may  be  well  to  remind  you  that  the  type 
of  Canal  was  not  decided  on  until  near  the  beginning  of  last  year,  so 
that  no  definite  plans  for  dumps  could  be  made  prior  to  that  time.  A 
paper  was  read  before  this  society  about  a  year  ago  in  which  was 
stated  that  "more  than  one  man's  hair  will  grow  gray  before  dumping 
grounds  will  be  found  to  contain  all  the  material  from  the  Culebra 
Cut."  This  problem  was  solved  nine  mdnths  ago ;  we  now  have 
tracks  leading  to  15  dumping  grounds,  with  a  total  capacity  ot  over 
50,000,000  cubic  yards,  which  you  will  see  is  greater  than  the  number 


Constructing  a  trestle  at  foot  of  Sosa  Corozal  dam ;  preparing  for  a 
dump — for  material  from  Culebra  Cut. 

of  cubic  yards  remaining  to  be  taken  out.  The  largest  of  these 
dumps  is  at  Tabernilla,  which  has  a  total  capacity  of  15,000,000  cubic 
yards.  The  average  haul  to  reach  it  is  15  miles.  The  next  largest 
dump  is  the  Sosa-Corozal  Dam,  with  a  capacity  of  10,000,000  cubic 
yards,  with  an  average  haul  of  11  miles.  The  next  largest  is  at  Mira- 
flores,  with  a  total  capacity  of  8,000,000  cubic  yards,  with  an  average 
haul  of  8  miles.  The  rest  of  the  dumps  are  of  less  capacity  and  near 
the  Canal. 
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Along  with  all  this  work  the  building  department  had  to  rush  the 
construction  of  living  quarters  as  rapidly  as  possible  to  provide  homes 
for  the  men  that  were  constantly  increasing  in  numbers.  Reservoirs 
had  to  be  built  and  pipe  lines  laid  to  furnish  the  houses  as  well  as  the 
steam  shovels  with  water.  The  sewer  and  plumbing  work  had  to 
keep  pace  with  the  building,  as  no  one  is  allowed  to  occupy  a  house 
until  it  is  connected  with  water  and  sewer  pipes  and  accepted  by  the 
Sanitary  department.  And  in  order  to  assemble  the  steam  shovels 
and  other  machinery  and  look  after  repairs,  the  construction  of  ma- 
chine shops  had  to  be  started  at  o'nce. 

As  our  rolling  stock  was  also  constantly  increasing,  yards  had  to 
be  constructed  for  handling  the  cars ;  coal  chutes,  cinder  pits,  water 
tanks,  and  cranes  al?o  had  to  be  built.  It  was  also  important  to  build 
air  compressors,  and  we  now  have  air  compressor  plants  at  Las  Cas- 
cadas.  Empire  and  Rio  Grande  of  4  compressors  each.  Each  com- 
pressor having  a  capacity  of  2,500  cubic  feet  of  air  per  minute  at 
lOO-lbs.  pressure.  This  compressed  air  is  fed  into  one  line  of  lo-inch 
extra  heavy  pipe  9^2  miles  long  with  leads  of  6-in.  and  4-in.  diameter 
running  into  the  Canal  prism  to  drive  the  drills  and  into  the  shops 
for  the  machinery. 

In  addition  to  above  air  pipe  line,  we  have  14  miles  of  water  pipe 
and  12  miles  of  sewers. 

The  number  of  men  now  employed  on  the  Culebra  Division  in  the 
Mechanical  Department  is  1.3 16  and  will  be  increased  about  400  men 
as  soon  as  the  new  shops  at  Empire  are  completed. 

Referring  now  to  accompanying  contour  map  and  profile  of  the 
Culebra  division,  you  will  note  the  alignment  of  the  Panama  Canal 
and  Panama  Railroad  and  the  location  of  all  encampments.  Begin- 
ning at  the  north  end  of  cut  at  Bas  Opispo.  is  located  a  stone  crusher 
of  1,000  cubic  yards  capacity  per  day.  The  stone  is  taken  from  the 
rock  cut  at  that  point,  and  after  crushed  is  used  for  ballasting  track, 
and  also  for  concrete.  At  Las  Cascades  is  located  a  20-pocket  coal 
chute  with  gasoline  hoists,  also  engine  house,  double-track  cinder 
pits,  machine  shops,  air  compressor  plant,  and  a  large  railroad  yard 
for  handling  cars  from  the  Cut.  At  Empire,  the  next  largest  shops 
on  the  Zone  are  nearing  completion.  Repairs  to  steam  shovels,  loco- 
motives and  other  machinery  are  made  here.  An  electric  light  plant 
for  providing  lights  to  Empire  and  adjacent  encampments  is  also  lo- 
cated here,  as  well  as  an  air  compressor  plant. 

At  Culebra  are  located  the  general  offices,  in  which  are  the  Chief 
Engineer  and  head?  of  departments.  Between  Empire  and  Culebra 
IS  an  engine  house  and  large  planing  mill  and  lumber  yard. 

At  Rio  Grande,  near  Culebra.  is  an  air  compressor  plant  and  engine 
house,  and  railroad  yards. 

At  Paraiso  are  machine  shops  for  locomotives  and  steam  shovel 
repairs. 

At  the  south  end  of  the  Cut,  at  Pedro  Mi^fuel.  is  a  large  clearance 
yard  for  handling  work  trains  from  the  Cut.  We  also  have  a  20- 
pocket  coal  chute  with  gasoline  hoist,  a  very  large  two-track  cinder 
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pit  and  engine  house.    Excavation  is  now  being  made  at  this  point  for 
the  locks. 

It  was  absolutely  necessary  to  construct  all  the  above-named  shops, 
buildings,  engine  houses,  yards,  etc.,  in  order  to  maintain  and  handle 
our  large  equipment.  The  equipment  reached  its  maximum,  with  the 
exception  of  cars,  the  first  part  of  this  year.  We  could  use  more 
steam  shovels  but  it  would  not  be  economical,  besides  it  has  been  dem- 
onstrated beyond  a  doubt  .that  with  the  present  equipment  the  Cule- 
bra Cut  can  be  completed  in  about  6  years  or  before  the  cnmnletion  of 
the  locks  and  dams  outside  of  the  Culebra  division. 

The  total  number  of  men  employed  in  the  Engineering  and  Con- 
struction Department  of  the  Culebra  division  is  10,189,  of  which 
about  950  are  Americans  and  the  balance  are  Jamaican  and  Martin- 
ique negroes,  Spaniards,  Italians,  Hindoos  and  a  few  Panamaians. 

The  equipment  assigned  to  the  Culebra  division  consists  of  the 
following : 

47  Steam   Shovels. 

17  Lidgerwood  Unloaders 

18  Spreaders 

4  Track  Throwing  Machines 

224  Locomotives 

2092  Cars 

126  Steam  and  Air  Drills 

93  Mechanical  (or  Churn)  Drills 

1  Rock  Crusher 

2  Wrecking  Cranes 
12  Pile  Drivers 

I  Clam-Shell  Dredge 

This  equipment  is  never  all  used  at  the  same  time ;  there  is  always 
some  equipment  in  the  shops  for  repairs.  During  the  months  of 
August  and  September,  the  daily  average  number  of  steam  shovels 
at  work  was  41,  and  the  time  lost  on  account  of  rain  and  other  un- 
avoidable causes  was  40%  ;  yet  the  average  number  of  cubic  yards 
loaded  by  each  shovel  per  month  was  18,300  cubic  yards.  About  53% 
of  the  material  had  to  be  blasted  before  it  could  be  handled  Iw  the 
steam  shovels.  The  drillins:  and  blasting  is  kept  ahead  of  the  shovels 
to  avoid  any  delay.  The  drilling  and  blasting  is  one  of  the  important 
parts  of  the  work.  To  give  you  an  idea  how  much  work  in  tliis  line 
is  done  in  a  month  I  will  quote  from  August  report.  During  this 
month  theri'  was  drilled  by: 

Steam   and   Air  Drills    53-500  lin.  ft. 

Well  or  Mechanical  Churn  Drills   32,559  lin.  ft. 

Hand  Drilling 12,632  lin.  ft. 

Making  a  total  of 98,701  lin.  ft. 

Or    18.7  miles. 
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The  explosives  used  durinc:  the  month  amounted  to : 

Dynamite   247,550  lbs. 

Biack    Powder    400  lbs. 

Making  a  total  of  247,950  lbs. 

Or  about  124  Tons. 

The  shovels  that  have  been  used  so  far  are  the  Bucyrus  ( ^o  and  95 
ton  type).  The  70  ton  type  having  2^/2  and  3^  yard  buckets,  and 
the  95-ton,  5  cubic  yards. 

The  highest  record  made  so  far  by  any  one  shovel  was  217  cubic 
yards  in  one  day.  The  above  average  of  18,300  cubic  yards  per  month 
will  seem  very  low  to  you  who  have  seen  two  and  three  times  that 
much  loaded,  but  you  must  consider  the  conditions  under  which  our 
men  work.  Almost  every  day  in  the  year  between  10  a.  m.  and  3  p.  m. 
the  temperature  is  from  120°  to  130°  in  the  Sun.  The  rainy  season 
extends  from  about  the  middle  of  April  to  the  end  of  the  year.  Dur- 
mg  this  time  it  rains  part  of  'most  every  day,  and  now  and  then  we 
have  a  rain  of  2  to  3  inches  in  as  many  hours.  The  water  then  rushes 
into  the  canal  and  floods  everything ;  shovels  are  tied  up,  and  tracks 
placed  in  such  bad  condition  that  it  is  necessary  to  set  a  large  gang 


Steam  shovel  flooded  in  the  Canal  by  a  big  rain. 


dippers,  and  the  helpers  around  the  shovels  are  constantly  working 
in  mud.  Then,  we  are  troubled  with  slides.  Just  before  I  left  we  had 
of  men  to  work  on  the  track  to  get  them  in  fit  condition  for  the 
trains. 

The  blasted  material  can  be  loaded  alright  during  the  rainy  season 
but  the  clays  are  so  sticky  that  it  is  hard  to  get  it  to  slide  through  the 
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a  slid^  from  the  east  side  of  cut  opposite  Station  1820  that  started 
to  break  over  a  thousand  feet  from  the  canal  and  moved  so  rapidly 
that  it  covered  one  shovel  with  mud  before  the  men  had  time  to 
pull  it  out.  The  whole  mass  of  saturated  clay  was  over  400  feet  wide 
and  continued  to  move  for  several  days  until  it  spread  over  the  track 
and  shut  off  traffic  at  that  end  of  the  cut  for  four  days.  This  whole 
mass  of  about  a  quarter  of  a  million  cubic  yards  will  be  taken  out  next 
dry  season,  so  that  no  more  trouble  is  expected  at  that  point,  but  there 
are  several  more  smaller  slides  that  will  give  us  trouble. 

Like  all  jobs  of  this  kind  one  of  the  most  difficult  parts  of  it  is  the 
handling  of  trains  in  such  a  way  as  to  keep  the  shovels  busy.  The 
transportation  is  handled  by  Superintendent  of  Transportation  and 
the  Superintendents  of  Construction.  So  far  it  has  been  impossible 
to  always  get  the  empties  baek  to  the  shovels  in  time,  and  you  will 
find  the  same  trouble  very  often  on  similar  work  in  the  States.  It  is 
necessary  to  operate  the  trains  on  grades  that  will  not  allow  more 
than  17  to  20  cars  to  the  train,  and  to  handle  as  we  are  now  doing 
about  31.000  cubic  yards  per  day,  means  about  2,000  loads  and  as 
many  empties  requiring  about  120  trains  each  way  per  day.  33%  of 
the  material  is  now  hauled  to  the  dumping  grounds  at  Tabernilla, 
a  distance  of  15  miles  over  the  Panama  Railroad,  where  delays  hap- 
pen now  and  then  on  account  of  main  line  traffic,  and  occasionally  a 
wreck,  so  that  it  is  impossible  to  always  avoid  delays.  The  despatch- 
ers  are  aided  in  their  work  by  a  number  of  telephone  stations  along 
the  cut ;  these  'phones  are  also  very  useful  for  the  foremen  and  offic- 
ials to  communicate  with  men  along  the  cut  and  are  connected  with 
the  general  offices  and  division  offices,  so  that  we  are  always  in  touch 
with  the  work,  even  when  in  the  office. 

Four  kinds  of  cars  are  used ;  large  Western  dumps  v/ith  a  capacity 
of  20  yards,  small  Western  dumps  with  capacity  of  12  yards,  French 
dumps  with  capacity  of  4  yards,  and  side  flats  with  capacity  of 
20  yards.  The  Western  and  French  dump  cars  unload  at  either  side. 
The  side  flats  have  a  3-ft.  permanent  side-board  at  one  side  and  the 
opposite  side  has  a  14-inch  extension  to  floor  of  car.  so  that  when  the 
dirt  is  plowed  ofiF  with  side  plow,  the  material  will  not  roll  back  on 
the  rail.  These  plows  are  pulled  by  15^  inch  cables  connected  with 
the  I-idgerwood  unloader  that  unloads  the  train  in  10  minutes  or 
less,  depending  on  condition  of  material. 

Most  of  our  large  dumping  grounds  are  started  by  first  driving  a 
temporary  trestle  about  20-ft.  high  across  low  ground,  and  then  the 
trestle  is  filled  and  embankment  widened  out  as  far  as  the  wings  to  the 
spreaders  will  permit.  The  track  is  then  shifted  from  trestle  to  edge 
of  new  embankment,  and  the  same  thing  repeated  over  and  over 
again  until  some  of  our  dumps  are  400  feet  wide.  The  track  settles 
down  into  the  mud  so  that  it  required  a  great  many  men  to  shift  the 
track.  This  difficulty  has  been  overcome  by  using  a  track-shifting  ma- 
chine, invented  by  W.  G.  Bierd.  General  Manager  of  the  Panama 
Railroad  at  that  time.  One  of  these  machines  with  an  engineer,  fire- 
man and  ten  laborers,  will  do  the  work  of  350  men.     This  is  really 
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tile  only  new  kind  of  a  machine  on  tlie  whole  job.  This  machine  lifts 
t;x-  track  as  well  as  shifts  it. 

The  spreaders  used  are  the  McGann  and  the  Jordan,  equipped 
with  air  and  are  made  much  stronger  in  every  way  than  any  I  havj 
ever  seen  in  the  States.  It  is  necessary  to  have  the  wings  extra  stron.::^ 
as  we  handle  a  great  deal  of  stone  along  with  the  dirt.  Some  of  these 
stones  are  from  3  to  5  feet  in  diameter.  An  ordinary,  spreader  suc'n 
as  has  been  used  on  Chicago  track  elevation  work  would  not  answer 
the  purpose  at  all. 

Referring  again  to  plan  and  profile,  you  will  note  from  contours 
that  the  line  of  canal  passes  through  a  very  hilly  country  throughout 


^j 


Track  Shiftino:  Machine. 


the  9^4  miles.  At  Station  1700  the  original  line  selected  by  the 
French  passed  over  a  saddle  at  an  elevation  of  312  feet  above  mean 
sea  level.  Just  east  of  this  saddle,  is  Gold  Hill,  at  an  elevation  of  655 
feet,  and  west  of  same  is  Contractors  Hill,  at  an  elevation  of  400  feet. 
The  French  cut  the  saddle  down  152  feet;  this  place  is  known  as  the 
"Big  Cut."  and  is  where  most  of  the  pictures  have  been  taken  to  show 
Culebra  Cut,  while  in  fact,  as  stated  before.  Culebra  Cut  is  9j4  miles 
long.  At  the  present  stage  of  the  work,  it  varies  in  depth  from  noth- 
ing at  each  end  to  152  feet  at  Gold  Hill.  The  deepest  cut  yet  required 
to  reach  the  proposed  bottom,  you  will  note,  is  at  Station  1775.  where 
it  will  require  a  further  cut  of  130  feet.  Soon  after  work  v.-as  started 
bv  Chief  Engineer  Wallace,  borings  were  made  at  each  kilometer  40 
ft.  below  mean  sea  level,  and  a  great  many  intermediate  borings  have 
been  made  since  that  time  at  various  depths,  to  determine  the  nature 
of  the  material.  The  results  of  these  borings  are  shown  on  profile, 
and  vou  will  see  that  most  of  our  work  hereafter  will  be  in  rock. 
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At  each  side  of  the  deepest  part  of  the  cut  the  French  left  a  barrier 
about  30  ft.  high,  as  shown  on  profile.  The  first  work  of  the  Ameri- 
cans was  to  take  these  out  so  that  tracks  on  which  to  haul  material 
could  be  carried  through  the  cut.  It  would  appear  from  the  profile 
that  we  have  not  accomplished  very  much  work  compared  with  the 
French.  In  order  to  make  it  clearer  to  you  I  have  shown  at  right  of 
profile  a  true  cross  section  taken  at  Station  1710.  The  French  made 
a  cut,  varying  in  width  from  50  feet  to  150  feet,  throughout  the  entire 
distance.  From  one  to  three  running  tracks  have  been  laid  near  the 
center,  with  a  loading  track  at  each  side,  with  connections  with  the 
running  tracks.  A  line  of  shovels  was  started  at  each  side,  as  shown 
by  full  circles  on  plan,  and  as  the  cut  was  widened  the  loading  tracks 
were  shifted  to  accommodate  the  shovels.  The  cut  is  now  completed, 
as  shown  on  cross  section,  to  full  width  at  top  for  about  three-fourths 
the  distance,  and  lower  cuts  have  been  started.  These  lower  cuts  will 
be  widened  the  same  way,  until  the  slope  lines  are  reached,  and  so  on, 
with  succeeding  cuts  until  all  the  material  is  removed.  When  the  cut 
is  completed,  it  will  vary  in  width  from  200  ft.  to  500  ft.  at  the  bot- 
tom, with  slopes  as  shown.  On  account  of  the  water  running  into  the 
cut.  we  keep  a  drainage  channel,  made  with  clam  shell  dredge,  near 
the  center  of  the  canal,  with  side  drains,  so  as  to  keep  the  water 
away  from  the  shovels  and  tracks  as  much  as  possible.  And  this 
brings  up  the  Engineering  problem  : 

What  will  we  do  with  the  water  when  we  get  down  near  the  bottom 
of  the  canal?  The  proposed  bottom  of  the  canal,  at  an  elevation  of 
40,  is  the  same  as  the  bottom  of  the  Chagres  River.  This  will  prob- 
ably be  handled  in  one  of  two  ways :  In  either  case,  a  barrier  will 
have  to  be  left  to  the  last  moment  at  the  south  side  of  the  Chagres 
River,  to  keep  that  water  out,  and  that  which  collects  in  the  cut  from 
side  drainage  could  be  pumped  over  the  barrier,  or  we  can  make  a 
small  channel  with  a  fall  of  about  2  ft.  to  the  mile,  commencing  at 
this  barrier  near  the  Chagres  and  extending  it  through  the  canal  to 
the  south  end  of  the  cut  at  Pedro  Miguel,  where  the  bottom  of  the 
Rio  Grande  is  at  an  elevation  of  18  ft.,  and  from  there  the  water  will 
flow  to  the  Pacific  Ocean.  The  French  engineers  recognized  the 
importance  of  keeping  the  water  out  of  the  canal  during  construction 
and  completed  most  of  the  diversion  work  along  the  west  side,  the 
most  difficult  of  which  was  the  cutting  of  a  tunnel  600  ft.  long 
through  a  solid  rock  hill  near  Bas  Obispo.  Plans  for  the  completion 
of  the  diversion  work  along  this  side  of  the  canal  have  been  approved 
by  the  Chief  Engineer  and  work  has  been  started  and  will  be  com- 
pleted next  dry  season.  The  French  also  started  a  diversion  channel 
along  the  east  side  of  the  canal,  and  it  was  their  intention  to  carry  it 
across  the  canal  near  Las  Cascadas  in  a  steel  acqueduct,  (All  the 
steel  for  this  structure  is  on  the  ground,  but  is  so  destroyed  from  long 
exposure  that  it  is  almost  worthless.)  Plans  have  also  been  approved 
by  the  Chief  Engineer  for  a  diversion  channel  along  the  east  side  of 
the  canal,  to  carry  the  waters  of  the  Obispo.  Massambix  and  Sar- 
danilh  Rivers,  and  their  tributaries,  to  the  Chagres  on  a  route,  as 
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shown  in  dotted  line.  The  total  length  of  this  channel  will  be  4)^ 
miles,  of  which  lYz  miles  is  now  completed.  In  order  to  carry  all 
the  water,  the  channel  is  being  constructed  to  take  care  of  a  flow  of 
6.000  second  feet.  The  last  mile  of  the  north  end  of  this  channel  will 
be  difficult  of  construction.  A  number  of  dykes  reinforced  with 
creosoted  sheet  piling  will  be  constructed,  and  the  whole  line  is  made 
up  of  short  tangents  connected  by  18°  curves,  through  a  thick  jungle, 
and  the  deepest  cut  is  to  be  87  feet  with  95%  rock. 

After  these  diversion  channels  are  completed,  the  only  water  that 
will  run  into  the  canal  will  be  that  which  falls  on  the  area  between 
these  diversion  channels. 

The  dash  and  dotted  line  shown  along  the  canal  route  represents 
the  French  center  line,  and  is  a  series  of  tangents  connected  by  easy 
curves.  This  is  practically  the  same  route  adopted  by  the  Board  of 
Consulting  Engineers,  except  in  place  of  curves  there  are  angles, 
with  a  wide  turning  basin  at  each  angle.  There  are  nine  of  these 
angles  in  the  9^4  miles,  the  longest  tangent  being  9.532  ft.  As  you 
will  note  by  typical  cross  section,  there  is  to  be  a  45-ft.  berm  at  an 
elevation  of  95  ft.  on  each  side  of  the  canal.  Along  the  east  berm 
will  be  built  the  new  Panama  Railroad.  The  object  in  placing  it  on 
that  side  is  to  avoid  crossing  the  canal.  The  present  old  line  west  of 
the  canal  will  be  taken  up  as  soon  as  the  canal  is  completed.  When 
the  Americans  took  charge  of  the  French  center  line  was  well-defined 
by  monuments  set  at  most  of  the  kilometers,  and  along  each  side 
away  from  the  canal  were  found  a  great  many  concrete  bench  marks, 
and  they  have  been  found  accurate. 

The  location  selected  by  the  French  is  about  the  most  practical  and 
economical  route  that  could  have  been  selected,  and  their  maps  and 
profiles  now  in  our  possession  are  as  neatly  gotten  up  as  you  will 
find  anywhere  ;  in  fact,  most  of  us  would  not  allow  a  draughtsman  to 
put  so  much  time  on  a  map. 

You  have  all  probably  read  a  few  criticisms  on  the  canal  work.  I 
only  care  to  mention  one  that  referred  to  estimate  of  yardage  on  the 
Culebra  Division.  This  criticism,  like  some  others  on  the  work  out- 
side of  the  Culebra  Division,  was  misleading.  It  stated  that  it  was 
impossible  to  make  up  a  monthly  cross  section  estimate  of  three  quar- 
ters of  a  million  cubic  yards  in  time  to  cable  the  yardage  to  Wash- 
ington the  1st  or  2nd  of  each  month,  as  is  being  done,  and  that  our 
measurements  are  "not  excavation  in  place,  but  .car  measurements." 
I  wish  to  correct  this  by  sayins:  that  our  estimates  are  accuratelv  cal- 
culated from  cross  sections  taken  every  50  ft.,  behind  each  shovel, 
and  are  measurements  in  excavation  and  not  "car  measurements." 
I  will  explain  how  our  estimates  are  gotten  out  quickly.  The  Resi- 
dent Engineer's  office  at  Empire  is  about  the  middle  of  the  division, 
with  two  parties  to  handle  the  railroad,  stadia  and  diversion  work. 
We  then  have  an  Assistant  Engineer's  office  at  Paraiso  and  one  at 
Las  Cassadas.  Mr.  M.  W.  Tenny  is  Assistant  Engineer  at  Paraiso, 
with  a  party  of  24  men,  of  which  12  are  negroes  rated  as  machetemen, 
who  do  the  chaining  and  keep  the  cross  section  lines  and  base  lines 
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cleared  of  tropical  grov\th.  ^Ir.  V\'.  L.  Thompson  is  Assistant  En- 
gineer at  Las  Cascadas  with  about  the  same  number  of  men  and  has 
the  same  kind  of  work,  each  of  them  having  about  45^  miles  of 
canal  work.  Their  histrumenuricn  keep  the  cross-sectioning  close 
up  behind  each  shovel,  so  that  the  cross  sections  and  most  of  the 
estimates  are  completed  the  evening  of  the  last  day  of  each  month 
The  cross  sections  are  accurately  platted  and  the  estimates  are  gen- 
erally completed  and  checked  by  planimeter  by  3  p.  m.  nn  the   ist 
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of  each  month.  As  soon  as  the  totals  are  known,  it  is  telephoned  to 
my  ofifice,  then  to  the  Division  Engineer's  office,  and  from  there  to 
the  Chief  Engineer,  who  cables  it  to  Washington.  The  October  esti- 
mate was  cabled  to  Washington  Nov.  2nd,  and  reached  me  here  bv 
mail  Nov.  4th.  The  cross  section  estimates  are  then  made  up  in  detail 
by  the  Assistant  Engineers,  showing  classification  of  material.  Five 
typewritten  copies  are  then  made  in  the  Resident  Engineer's  office 
and  forwarded  to  the  Division  Engineer  and  Chief  Engineer  for  per- 
manent record. 

Tlie  Superintendent.-;  of  Construction  make  up  daily  car  reports  so 
that  each  evening  we  do  not  only  know  the  exact  number  and  kind  of 
cars  handled,  but  the  approximate  number  of  cubic  yard-  to  date  by 
estimating  so  many  cubic  yards  for  each  kind  of  car.  The  total  car 
measurements  for  the  month  agree  reasonably  close  with  the  cross 
section  estimate. 

On  each  side  of  the  canal  we  have  permanent  base  lines  parallel  to 
the  center  line,  and  from  300  ft.  to  400  ft.  away,  dep^ndin::  on  local 
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conditions.  These  base  lines  arc  accurately  nionuniented  about  even' 
5C0  feet,  with  intermediate  stakes  every  100  ft.  All  cross  sections  are 
tied  on  to  these  base  lines.  Every  100  ft.  we  have  cross  section  lines 
cut  through  the  jungles  out  to  the  base  lines,  and  in  many  cases  from 
400  ft.  to  1,200  ft.  beyond,  to  aid  us  in  making  up  our  contour  maps. 
These  cross  sections  are  platted  on  mounted  cross  section  sheets  about 
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Engineers  Connecting  Cross-section  to  Base  Line — 300  ft. — and  Parallel 
to  Center  of  Canal.    Base  Line  at  White  Mark. 


7  ft.  long  and  colored  in  different  colors  to  show  the  progress  of  the 
work  each  month,  and  will  be  valuable  sheets  for  future  reference. 
Vou  can  easily  see  the  difificulty  by  referring  to  views,  one  showing 
an  almost  perpendicular  cut  behind  a  steam  shovel,  and  the  other 
view  slnws  the  men  checking  up  their  work  with  the  base  line  75  ft. 
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above  the  bottom  of  the  shovel  cut.  You  will  also  note  the  tropical 
growth  ;  this  grows  so  rapidly  during  the  rainy  season  that  it  is  neces- 
sary to  clear  our  cross  section  lines  and  base  lines  about  every  month 
in  order  for  the  levelmen  to  see  the  rod. 

You  will  now  see  from  my  description  of  the  work  that  it  is  handled 
in  about  the  same  way,  and  with  about  the  same  kind  of  equipment 
that  would  be  used  on  a  big  railroad  cut  in  the  States ;  so,  after  all, 
there  is  nothing  new  or  very  difficult  in  the  excavation  and  handling 
of  material  from  Culebra  Cut — just  a  big  job!  that's  all. 


The  Big  Cut  near  Culebra,  soon  after  the  U.  S.  Forces  took  charge  of 

the  work. 


IN  MEMORIAM. 


N.  A.  Sager,  m.w.s.e. 
August  30,  1907. 

Nelson  A.  Sager  was  born  in  Port  Hope,  Ontario,  April  22,  1854, 
where  he  spent  his  boyhood  days  and  passed  through  the  grammar 
school.  He  next  attended  Colx>urg  (Ontario)  College  where  he 
studied  civil  engineering.  After  graduation  he  entered  the  service 
of  the  Toledo  &  Ohio  Central  R.  R.  (now  the  Hocking  Valley  R.  R.) 
as  assistant  engineer  in  the  maintenance  of  way  department.  One  of 
his  achievements  here  was  a  complete  re-survey  of  the  entire  line 
and  the  inauguration  of  comprehensive  maps  of  the  company's  right- 
of-way.  Later  he  superintended  the  erection  of  new  bridges  and 
buildings  and  the  c(jnstruction  of  several  branch  lines. 

In  1890  he  took  service  with  the  World's  Columbian  Exposition 
as  assistant  engineer  and  had  charge  of  the  construction  of  the  main 
part  of  the  Manufacturers"  lUiild-nr.     After  the  completion  of  the 
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World's  Fair  he  was  engaged  as  an  assistant  engineer  for  the  City 
of  Chicago,  and  had  charge  of  the  construction  of  many  important 
engineering  works  built  by  the  city  of  Chicago  since  1893,  the  most 
notable  of  which  was  the  intercepting  sewer  system.  Mr.  Sager  took 
an  active  part  in  designing  the  details  of  this  great  system  and  later 
was  in  local  charge  of  the  construction  of  the  most  important  trunk 
lines. 

In  1 89 1  ^Ir.  Sager  was  selected  by  a  part}'  of  capitalists  to  make 
a  technical  examination  of  the  possibilities  of  irrigation  for  the  bar- 
ren northwest  portion  of  Kohala  on  the  Island  of  Hawaii.  This 
mission  was  successfully  accomplished  in  four  months,  after  which 
he  resumed  his  duties  as  assistant  engineer  for  the  Cit^  of  Chicago. 

The  contruction  of  the  sewage  pumping  station  at  39th  street  and 
I^ke  Michigan,  with  breakwater  and  intake,  was  erected  under  Mr. 
Sager's  personal  supervision  and  will  stand  as  a  monument  to  his 
integrity  and  ability  as  a  civil  engineer.  In  1906  he  was  placed  in 
charge  of  the  construction  of  the  sixteen  foot  conduit  in  Lawrence 
Ave.,  leading  from  the  Lake  to  the  North  Branch  of  the  Chicago 
River,  but  before  its  completion  was  placed  in  charge  of  the  entire 
Intercepting  Sewer  Division,  reporting  to  the  City  Engineer. 

Early  in  August,  1907,  he  contracted  a  cold  which  in  the  stress  of 
business  was  neglected  too  long.  It  developed  into  neuralgia  of  the 
stomach,  and  after  three  weeks  of  intense  suffering  he  breathed  his 
last  on  Friday.  August  30,  1907. 

He  was  married  February  14,  1900,  to  Miss  Clara  E.  Armstrong, 
who  survives  him  together  with  their  nine-months-old  daughter. 

Mr.  Sager  was  a  Knight  Templar  and  a  member  of  the  new  Illinois 
Athletic  Club,  and  also  an  active  member  of  the  Western  Society  of 
Engineers. 

There  was  not  a  truer  nor  more  generous  friend  than  Nelson  A. 
Sager,  and  his  many  friends  will  miss  the  influence  of  his  strong 
personality. 

(Signed)        J.    H.    Spengler, 
C.  D.  Hill, 
W.  A.  Shaw, 

Committee. 


IN  MEMORIAM. 


J.  C.  Darst,  m.w.s.e. 
September  5.  1907. 


John  Clark  Darst  was  born  in  Troy.  Miami  County,  Ohio,  in  1851. 
His  father  was  Henry  A.  Darst,  M.  D.,  a  prominent  and  respected 
citizen  of  the  Miami  X'alley.  His  mother  was  a  Clark.  Her  family 
have  long  been  residents  of  the  same  locality.  Mr.  Darst's  early  life 
was  spent  in  and  about  Tippecanoe,  Ohio.  From  there  his  father's 
family  moved  to  Toledo,  Ohio,  where  Mr.  Darst  resided  with  his 
parents.  He  graduated  at  the  Wesleyan  College  at  Delaware,  Ohio, 
in  1872,  after  whicli  he  spent  a  year  at  Harvard  in  special  study. 
After  finishing  his  education  he  became  identified  with  the  Smith 
Bridge  Company,  and  in  1881  formed  a  copartnership  with  A.  J. 
Sprague,  H.  A.  Will'ams  and  Mr.  Eckert.  operating  as  the  Mas- 
sillon  Bridge  Works,  of  Massillon,  Ohio.  This  was  later  incorpor- 
ated as  the  Massillon  lirid^e  Companv.  Mr.  Darst  being  one  of  the 
principal  stockholders  and  a  director.  Removing  in  1883  to  Chicago, 
he  assumed  the  control  and  management  of  the  western  business  for 
his  firm  and  later  for  his  Company,  in  which  position  he  continued 
until  1900  when  the  New  Toledo-Massillon  Bridge  Company  was 
formed.  Mr.  Darst  then  disposed  of  liis  interests  and  formed  the 
contracting  firm  of  Darst  and  Hughes,  of  Ch'ca^fo.  Illinois,  of  which 
he  was   senior  member.     This  business   was  later  incorporated   as 
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the  Continental  Bridge  Compan}-,  of  which  Mr.  Darst  was  Treasurer 
until  the  time  of  his  death.  During  his  business  career  Mr.  Darst 
had  charge  of  the  construction  of  many  notable  structures  in  Illinois 
and  adjacent  states,  among  which  were  the  Lake  Street  \  iaduct ; 
steel  work  for  the  First  Regiment  Armory ;  bridges  at  the  World's 
Fair  grounds,  Chicag-o;  Stat^  Street  bridge  at  Rockford,  III,  Chi- 
cago Street  bridge  at  Elgin,  111.,  and  many  others. 

He  died  leaving  considerable  estate.  During  his  life  he  was  al- 
ways ready  to  help  his  friends,  especially  the  young  men.  He  was  of 
a  cheerful,  happy  disposition,  and  bis  many  friends  sincerely  mourn 
his  loss.    He  was  noted  for  his  loyalty  and  unswerving  integrity. 

Of  his  immediate  family  he  leaves  a  sister,  Mrs.  Hyatt,  of  Toledo, 
and  her  three  children,  two  sons  and  a  daughter.  Mr.  Darst  was 
active  until  the  day  of  his  death.  He  was  stricken  with  hemorrhage 
of  the  brain  and  died  in  a  few  hours.  He  was  buried  in  Woodlawn 
Cemetery,  Toledo,  Ohio,  September  9.  1907,  the  burial  services  being 
conducted  by  the  Toledo  Commandery  Knights  Templar,  of  which 
he  was  a  member  for  many  years. 

He  became  a  member  of  the  Western  Society  of  Engineers,  June 
5,  1900,  and  was  also  a  member  of  the  Illinois  Athletic  Club. 

(Signed)        Horace  E.  Horton, 
Andrews  Allen, 

W,  H.  RONEY, 

Committee. 


PROCEEDINGS  OF  THE  SOCIETY 

MINUTES  OF  REGULAR  MEETING,  November  6,  1907. 
A  regular  meeting  of  the  Society  (No.  615)  was  held  m  the  Society  rooms 
Wednesday  evening,  November  6th.  The  meeting  was  called  to  order  at 
8:15  p.  m.,  with  President  Abbott  in  the  Chair  and  over  100  members  and 
guests  present.  The  minutes  of  the  meeting  of  October  2nd  and  October  i6th 
were  read  and   approved. 

The  Secretary  reported  from  the  Board  of  Direction  the  election  into 
membership  of  the  following : 

Grade. 

Otto  S.  Hansen,  Chicago Junior 

S.  L.   Pierce,   Chicago • Junior 

Charles  K.  Mohlcr,  Chicago Active 

A.    J.    Schafmaycr,    Chicago Junior 

Russel  J.  !Mershon,  Chicago Active 

C.  W.  Shepherd.  Chicago,  transfer  from  Junior  to Active 

J.  T.  Walbridge,  Chicago Junior 

Harold   K.    Weld,    Elgm.   Ill Junior 

Forrest  S.  Harvey,  Chicago Junior 

Charles    C.    Lemmon.    Elmhurst,    111 Junior 

James  R.  MacKnight,  Chicago Junior 

William  K.   Hatt,  Lafayette,  Ind Active 

John  W.  Kendrick,  Chicago Active 

H.  G.  Macdonald,  Chicago Junior 

V,  E.  Ellstrom,  Evanston,  111 Junior 

Edgar  W.    Block,  Chicago Active 

Edwin  A.  Carter,  Chicago Active 

Also  that  the  following  had  applied  for  membership: 

Richard    j\I.    Gerety,    Chicago Active 

C.  W.  Birch-Nord,  Chicago,  transfer  from  Junior  to Active 

John  T.  Mountain,  Chicago,  transfer  from  Junior  to Active 

Homer  Thomas,  Chicago  Active 

T.   Bright  Carrick.  Dorena,   Mo Active 

Charles   H.    Freeman,   Chicago Associate 

William  H.  Vincent.  Xew  Orleans.  La Junior 

Albert   B.   Mills,   Chicago Junior 

Norman   Vl.   McGillivraj',   Chicago Junior 

Maro  Johnson,  Chicago,  transfer  from  Junior  to Active 

Archibald   O.   Walker,    Chicago Active 

N.  H.  Jacobsen.  Chicago Junior 

A.  K  Sjolander,  Chicago Junior 

Judson,    Lattin,    Chicago Active 

Hubert  C.  Ellis,  Chicago Junior 

George  T.   Bunker,   Chicago Active 

Horace  S.  Baker,  Chicago Active 

The  Secretary  announced  that  petitions,  in  due  form  and  properly  signed, 
had  been  received  for  certain  amendments  to  the  Constitution  and  By-laws; 
that  those  amendments  had  been  printed  and  sent  out  to  the  membership  and 
it  was  now  in  order  to  discuss  the  matter  and  to  offer  amendments  thereto. 
There  was  no  discussion  and  no  amendments  were  offered,  so  it  was  ordered 
that  the  amendments  be  printed  and  sent  out  to  be  voted  on  by  means  of  a 
letter  ballot,  the  ballots  to  be  canvassed  and  the  results  announced  at  the  next 
regular  meeting  of  the  Society,  to  be  held  December  4,  1907. 

The  Secretary  also  announced  that  the  Entertainment  Committee  had 
under  way  arrangements  tor  a  "Ladies'  Night"  for  Saturday,  November  i6th, 
when  Mr.  J.  W.  Alvord  would  give  an  illustrated  lecture  on  some  of  the  en- 
gineering matters  seen  this  past  summer  when  in  Mexico  in  attendance  at 
the  convention  of  the  American  Society  of  Civil  Engineers. 
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There  being  no  further  busines?  to  bring  before  the  meeting,  Mr.  A.  S. 
Zinn.  M.w.s.F...  was  introduced,  who  addressed  the  meeting  on  "The  Culebra 
Cut  and  the  Progress  of  the  Work." 

Discussion  and  remarks  followed  from  President  Abbott  and  Messrs.  T.  L. 
Condron,  T.  R.  Cummins,  R.  C.  Smith,  Willard  Beahan  and  others. 

The  meeting  adjourned   about   lo  p.   m. 

EXTRA  MEETING,  November  20,  igoj. 

An  extra  meeting  of  the  Society  (^No.  617)  was  held  Wednesday  evening, 
Xovember  20th,  1907. 

The  meeting  was  called  to  order  about  8:20  p.  m.  with  President  Abbott 
in  the  Chair  and  about  45  members  and  guests  present,  including  some  five 
or  six  ladies,  notwithstandiug  a  stormy  day  and  evening. 

There  was  no  business  to  bring  before  the  meeting,  so  ^Ir.  Linn  White, 
M.w.s.E.  was  introduced  who  read  his  paper  on  "The  Construction  of 
Small  Parks  in  Chicago.''  This  related  more  particularly  to  the  work  done 
by  the  South  Park  Commissioners.  A  large  number  of  lantern  slides,  many 
being  colored,  illustrated  the-  paper  and  added  to  the  interest  of  the  evening. 

Remarks  and  discussion  followed  from  President  Abbott  and  Messrs.  A.  C. 
Schradcr.  T.  L.  Condron,  J.  H.  Warder.  M.  K.  Trumbull,  C.  K.  Mohler; 
with  a  closure  by  Mr.  Linn  White. 

The  paper  by  Mr.  J.  W.  Schaub  on  "Railway  Track  in  the  Past  and  Its 
Possible  Development  in   the  Future,"  which  had  been  printed  and  sent  out 
since  it   was  first  delivered  before  the   Society,  was   not  brought   up  at   this 
meeting  as  had  been  expected,  as  the  hour  was  too  late. 
The  meeting  adjourned  about  10  p.  m. 

REGULAR  MEETING,  December  4,  1907. 

A  regular  meeting  of  the  Society  (No.  618)  was  held  in  the  Society  Rooms 
Wednesday  evening,  December  4,  1907. 

The  meeting  was  called  to  order  at  8:20  p.  m.  with  President  Abbott  in 
the  Chair  and  about  90  members  and  guests  present. 

Mr.  M.  K.  Trumbull  cflfered  a  motion  that  the  Chair  appoint  a  Committee 
of  three  to  canvass  the  letter  ballots  on  the  Amendments  to  the  Constitution 
and  By-laws  and  to  report  to  the  meeting.  The  Chair  appointed  Messrs. 
R.  F.  Schuchardt,  James  N.  Hatch  and  William  B.  Ewing,  a  Committee  to 
perform  this  duty  and  report  to  the  meeting. 

The  Minutes  of  the  meetings  held  November  6th  and  20th  were  read  and 
approved. 

The  Secretary  reported  from  the  Board  of  Direction  that  the  folIowing_ 
had  been  elected  into  membrship  at  their  meeting  of  December  3rd : 

Grade. 

Richard  ^L  Gerety,  Chicago -. Active 

Carl  W.  Birch-Nord,  Chicago,  transfer  from  Junior  to Active 

John   T.   Mountain.  Chicago,  transfer   from   Junior   to Active 

Homer  Thomas,  Chicago Active 

T.   Bright   Carrick.   Dorena,  Mo Active 

Wm.   H.   Vincent,   New   Orleans,  La Junior 

Albert  B.   Mills,   Chicago Junior 

Norman  M.  McGillivray,  Chicago Junior. 

Maro  Johnson,  Chicago,  transfer  from  Junior  to Active 

Archibald  O.  Walker,  Chicago Active 

Noah   H.   Jacobsen,   Chicago Junior 

Axel    K.    Sjolander,    Chicago Junior 

Judson  Lattin,  Chicago Active 

Hubert  C.  Ellis,  Chicago Junior 

George  T.  Bunker,  La  Grange,  111 : Active 

Also  that  applications  for  membership  had  been  received  from  the  follow- 
ing: 
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Thomas  H.    Tapk-v,  Chicago .  .Active 

\rthiir  X.  Johnson.  Springfield,  111 Active 

W.   F.  M.  Goss.  Champaign.  Ill Active 

Horace  S.  Baker.  Chicago   Active 

George  T.  Stewart.  McComb.  Miss Active 

Frank  S.  Clark,  Bedford.  Ind Active 

Wm.  S.  Fnlton.  Xew  Orleans.  La.,  transfer  from  Junior  t.  >  .Active 

Also  that  petitions  for  nominations  for  officer?  of  the  Society  for  1908  had 
been  tabulated  by  the  Secretary  and  approved  by  the  Board  of  Direction  as 
follows  : 

A'fliiiiitations  for  Offlcers  of  the  Society  for  1908. 
For  President. 
Andrews  Allen. 
J.  W.  Alvord, 

C.  F.  Loweth. 

For  First  Vice-President. 

J.  W.  Alvord. 

E.  N.  Lsyfield. 

G.  M.  Wisner. 
For  Second  Vice-President. 

Geo.   A.    Damon, 

P.  Junkersfeld, 

W.  S.  Monroe. 

A    N.  Talbot. 
For    Third    Vice-President. 

D.  W.    Mead, 
James  McL.  \\'hite, 
P.   B.  Woodworth. 

For  Treasurer. 
A.    Reichmann. 

For    Trustee. 
H.   N.  Elmer. 
L.  E.  Ritter. 
J.  W.  Schaub. 

The  Committee  to  canvass  the  letter  ballots  on  the  Society  vote  as  to  the 
Amendments  to  the  Constitution  and  By-laws  presented  their  report  as  fol- 
Jows  : 

Amendment  to  the  Constitution.  Article  III.  Sec.  4,  relating  to  age  limit 
of  Junior  members,  and  also  amendment  to  By-laws.  Article  VI.  Sec.  i, 
pertaining  to  the  same  : 

Affirmative  votes  received   I49 

Negative  votes  received  None 

Amendment  to  By-lau-s  in  Article  HI,  Sec.  2,  creating  a  standing  com- 
mittee on  amendments,  and  Articilc  III.  Sec.  8.  pertaining  to  the  duties  of 
this  committee : 

Affirmative   votes   received    '47 

Negative    votes   received 3 

Amendment  to  By-laws.  Article  IV,  Sec.  4,  pertaining  to  admission  to 
the  Society : 

Affirmative   votes   received 1 1 1 

Negative  votes  received i 

These  amendment  to  be  in  force  after  January   1.  1908. 

The  Secretary  was  instructed  by  the  Board  of  Direction  to  have  printed- 
and  sent  out  to  all  the  members  a  copy  of  the  Constitution  and  By-hws  so 
amended. 
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The  Secretary  also  announced  the  recent  death  on  November  17th  of  two 
Active  members  of  the  Society: 

Prof.  Storm  Bull,  of  Madison,  Wis.. 
Mr.  Irving  Parker,  of  Chicago. 

Mr.  P.  Junkersfeld  introduced  a  resolution  that  the  Chair  appoint  Com- 
mittees for  memorials  of  these  late  members  of  the  Society  for  publication  in 
the  Journal. 

There  being  no  further  business  before  the  Society,  the  President  intro- 
duced Mr.  George  B.  Springer,  m.w.s.e.,  who  read  his  paper  on  "Tunnels 
under  the  Chicago  River  for  Electric  Cables."  The  paper  was  illustrated  by 
lantern  slides. 

Discussion  followed  from  President  Abbott.  J.  W.  Alvord,  W.  B.  Ewing, 
C.  C.  Saner,  P.  Junkersfeld,  W.  H.  Finley,  D.  W.  Roper  and  a  closure  by  Mr.' 
Springer. 

The  meeting  adjourned  at  10  o'clock. 

EXTRA  MEETING,  December  iS,  1907. 

An  extra  meeting  of  the  Society  (No.  620)  was  held  Wednesday  evening, 
December  i8th. 

The  meeting  was  called  to  order  at  8:20  p.  m.  with  President  Abbott  in 
the  Chair -and  about  84  members  and  guests  present. 

The  Secretarj-  announced  the  death  of  an  Active  member  of  the  Society — 
Mr.  William  S.  Love,  of  New  York.  Mr.  Clayton  O.  Billow  offered  a  reso- 
lution that  the  Chair  appoint  a  Committee  to  prepare  a  memorial  for  publica- 
tion, in  the  usual  manner. 

The  President  then  introduced  Mr.  A.  Bement,  m.w.s.e.,  the  author 
of  the  paper  for  the  evening — "Some  results  due  to  improvement  in  Boiler 
and  Furnace  design," — and  called  attention  to  the  tremendous  waste  of  coal 
consumed  in  industrial  establishments  because  of  inefficiency  in  steam  gen- 
erating apparatus.  Mr.  Bement  read  his  paper  which  had  been  printed 
and  sent  out  in  advance.  Letters  in  discussion  of  the  subject  were  read  by 
the  Secretary  from :  Mr.  W.  J.  Green,  Cedar  Rapids,  Iowa ;  Mr.  G.  H.  Barrus, 
Boston,  Mass. ;  Mr.  Wm.  Kent.  Syracuse,  N.  Y. ;  Professors  L  P.  Brecken- 
ridge  and  C.  S.  McGovney  of  the  University  of  Illinois,  Urbana. 

Many  other  letters  had  been  received,  but  were  not  read  for  lack  of  time. 
Oral  discussion'  followed  from  Messrs.  Bryden,  Chauvet,  W.  J.  Williams, 
Harrington,  Dr.  W.  A.  Evans,  Kuss,  Osborn,  Randall,  Pennock.  McDonald 
and  Popenhusen. 

The  meeting  adjourned  about  11  p.  m. 

J.  H.  Warder,  Secretary. 

MINUTES  OF  THE  ELECTRICAL  SECTION,  November  8,  1907. 

A  regular  meeting  of  the  Electrical  Section  (No.  26)  and  an  extra  meet- 
ing of  the  Society  (No.  616)  was  held  Friday  evening,  November  8,  1907. 

The  meeting  was  called  to  order  at  8:15  p.  m.  with  Mr.  D.  W.  Roper,  Vice- 
Chairman  of  the  Section,  presiding  and  about  65  members  and  guests  present. 
•  The  Minutes  of  the  meetings  of  the  Section,  held  October  nth  and  25th, 
were  read  and  approved. 

There  being  no  further  business  to  bring  before  the  meeting  Mr.  A.  V. 
Allen,  representing  Mr.  W.  D'A  Ryan  of  the  General  Electric  Co.,  was  in- 
troduced, who  addressed  the  meeting  on  "The  Color  Values  of  Artificial 
Lights."  The  address  was  illustrated  by  apparatus  and  lantern  slides.  The 
color  value  of  four  ifferent  sources  of  illumination  was  practically  shown  by 
the  installation  of  four  booths  with  different  methods  of  interior  illumina- 
-ion  ;  as  nn  inverted  incandescent  gas  mantle,  a  Nernst  lamp,  an  enclosed  arc 
lamp,  .ind  a  group  of  ordinary  bare  incandescent  filament  lamps.  These  were' 
suspended  from  the  ceiling  of  the  separate  booths  and  below  were  placed  an 
array  of  printed  cloths  of  various  colors.  An  inspection  of  these,  which  were 
identical  for  each  of  the  four  exhibits,  showed  the  difference  in  the  color 
value  of  these  different  sources  of  light. 
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Discussion  followed  from  Messrs.  J.  R.  Cravath.  B.  E.  Sample,  L.  Fried- 
mann,  Charles  H.  Davis.  A.  L.  Eustice,  J.  H.  Warder,  D.  W.  Roper,  Jas.  J. 
Sorber,  A.  C.  Morrison  and  A.  V.  Allen. 

A  vote  of  thanks  was  tendered  Mr.  Allen  for  his  interesting  address. 

The  meeting  adjourned  about  10:30  p.  m. 

MINUTES  OF  ELECTRICAL  SECTION,  December  13.  1907. 

A  regular  meeting  of  the  Electrical  Section  (No.  27)  —  (No.  619  of  the 
Society)  was  held  Friday  evening,  December  13,  1907. 

The  meeting  was  called  to  order  about  8:20  p.  m.  with  Mr.  K.  B.  Miller, 
Member  of  the  Executive  Committee,  in  the  Chair,  and  about  100  members 
and  guests  present. 

The  Minutes  of  the  meeting  of  November  8th.  were  read  and  approved. 

Mr.  D.  W.  Roper,  m.w.s.e.,  was  then  introduced  who  read  his  paper 
describing  "A  few  unusual  burn-outs  in  underground  cables,''  which  was 
illustrated  by  a  number  of  lantern  slides  and  samples  of  burned  cables  and  clay 
conduits. 

Discussion  followed  from  the  Chairman  and  Messrs.  W.  L.  Abbott,  P. 
Junkersfeld,  E.  N.  Lake,  R.  F.  Schuchardt,  G.  H.  Lukes,  ^Morgan  Brooks,  with 
a  closure  by  Mr.  Roper. 

The  meeting  adjourned  about  10:15  p.  m. 


J.  H.  \V.\RDF.R,  Secretary. 
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Pl.ane  Surveying:  A  text  book  and  pocket  manual  by  John  Clayton  Tracy 
C.  E.,  Assistant  Professor  of  Structural  Engineering.  Sheffield  Scientific 
School  of  Yale  University.  John  Wiley  &  Sons,  New  York,  1907.  794 
pages,  7  in.  by  434.  limp  leather.     First  Edition.    Price  $3.00. 

This  work  is  divided  into  three  subdivision.  Part  No.  i  contains  28  chap- 
ters of  360  pages  and  covers  Field  Work.  Part  No.  2,  15  chapters  of  176 
pages  is  on  office  work,  and  Part  No.  3,  4  chapters  of  83  pages  is  devoted  to 
surveying  instruments.  An  appendix  of  iS  pages  follows,  in  which  the 
methods  of  determining  a  Meridian  by  Solar  observation  are  outlined  and 
126  pages  of  tables,  18  in  number,  complete  the  volume.  There  is  an  index  of 
chapters  and  a  table  of  contents  by  chapters  in  the  beginning  of  the  book  and 
a  complete  alphabetical  index  follows  the  text.  The  tables  are  also  preceded 
by  an  index. 

The  Author's  plan,  as  explained  in  the  preface  of  the  work,  was  to  pro- 
duce a  Text  Book  and  Pocket  Manual  combined,  and  the  scope  of  the  work, 
was  not  to  cover  the  whole  field  of  surveying,  but  to  treat  thoroughly  of 
fundamental  principles  and  methods.  This  he  has  succeeded  in  doing  well. 
The  basis  of  the  work  was  systematic  note  keeping  by  the  author  and  his 
assistant  instructors,  of  the  questions  asked,  mistakes  made  and  difficulties 
encountered  by  students  in  successive  classes  in  field  surveying.  From  these 
notes,  a  class  manual  was  prepared  some  five  years  ago  from  which  has 
grown  by  yearly  corrections  and  additions,  the  work  which  is  now  offered  to 
the  profession. 

The  Author  makes  acknowledgement  to  Prof.  Ives  and  Hilts,  Merriani  and 
Brooks,  Searles,  and  Mr.  Carhart  for  ten  of  the  eighteen  tables  in  the  work, 
to  Mr.  Reinhardt  of  the  Engineering  Xezi's  for  extracts  from  his  work  in  the 
Author's  chapter  on  Lettering  and  Field  Notes,  and  similar  acknowledgment 
is  made  to  Prof.  Sherman  of  the  Ohio  State  University.  To  Prof.  L  O.  Baker, 
is  accredited  suggestions  for  portions  of  the  chapters  on  errors  and  the  con- 
struction, use  and  adjustment  of  instruments. 

The  work  as  a  whole,  however,  is  the  result  of  fifteen  years  of  accumu- 
lated knowledge  obtained  by  teaching,  experiment  and  research  on  the  part 
of  the  author,  and  while  he  is  a  theorist  he  is  also  practical  and  the  work  is 
very  well  balanced  between  its  technical  and  practical  sides. 
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The  subject  has  been  treated  as  a  science,  iu  a  scientific  and  logical  way, 
and  while  a  great  deal  of  stress  has  been  laid  on  some  very  ordinary  details 
of  practice,  it  is  the  ordinary  thing^s  which  are  usually  most  important  and 
this  cannot  be  impressed  too  strongly  on  the  student.  1  he  survej^or  will  find 
in  this  work  the  principles  underlying  the  solution  of  most  of  the  problems 
confronting  him  written  in  a  clear  and  concise  manner,  and  as  a  rule,  these 
princ'ples  are  supplemented  by  special  applications  and  practical  illustrations. 

The  chapter  on  errors,  their  relative  importance  and  probable  value  and 
final  adjustment  is  good,  as  are  also  the  special  chapters  on  errors  in  lineal 
measurements,  errors  in  angular  measurement,  and  errors  in  leveling.  The 
chapter  on  field  notes  will  be  found  of  value  to  old  surveyors  as  well  as  stu- 
dents and  the  chapter  on  special  work  with  the  transit  and  level  and  on 
stadia  and  plane  table  surveys  deserve  special  mention. 

The  Author's  chapter  on  the  determination  of  a  meridian  is  devotert 
wholly  to  the  method  of  observation  on  Polaris  while  the  method  of  solar 
observation  has  been  placed  in  the  appendix  for  reference,  if  required,  bv 
students  in  connection  with  a  course  in  field  astromony,  or  "by  the  practicing 
surveyor,  preferring  this  method. 

Office  work  is  treated  with  great  thoroughness,  and  the  chapters  on  this 
subject  would  make  a  good  manual  for  a  drafting  room. 

The  mechanical  features  of  the  book  can  hardly  be  improved  upon.  The 
paper  is  of  the  best  and  type  face  and  illustrations  clear.  In  the  opinion 
of  the  reviewer,  the  author  has  produced  a  work  which  as  a  manual  is  the 
best  which  we"  now  have  on  this  subject.  ,         G.  H.  K. 

Tables  of  Quantities  for  Preliminary  Estimates,  by  E.  F.  Hauch  and 
P.  D.  Rice.  4]4  by  6^  ins.;  pp.  92.  Cloth.  Price  $1.25  net,  John 
Wiley  &  Sons,  New  York.  1907. 
_  This  is  a  small  handy  book,  written  particularly  for  use  in  the  field  by 
railroad  engineers.  The  tables  are  arranged  for  ready  reference  to  assist  in 
the  computations  of  quantities  in  cubic  yards  of  embankments.  The  tables  are 
for  use  with  prismoids  of  the  unit  length  of  100  feet,  and  for  varying  width 
of  roadbeds  from  12  ft.  to  32  ft.  inclusive,  and  also  for  a  width  of  35  ft. 
The  side  slopes  also  vary  from  J/4  to  i,  to  lyi  to  i,  while  the  results  are  for 
different  heights  of  prismoid.  from  o  to  50  ft.  Supplemental  tables  for 
calculating  the  quantities  in  the  toe  slopes  for  the  .same  set  of  widths  of 
roadbed  and  the  same  heights — i  to  50  ft. — are  given.  Another  table  gives 
the  value  of  cubic  yards,  based  on  the  sum  of  end  areas,  with  the  same  unit 
length  of  loo  ft.  There  is  also  an  "Acreage  Table"  for  a  Right  of  Way  of 
roo  ft.  There  are  a  couple  of  conversion  tables,  giving  the  reduction  to  feet 
of  Gunter's  chains,  units  up  to  80  and  decimals,  and  a  reciprocal  table  of  feet 
and  decimals  reduced  to  decimals  of  a  Gunter's  chain. 

The  paper  and  typography  are  excellent.  W. 

Electro-Analysis,  by  Edgar  F.  Smith,  Professor  of  Chemistry,  University  of 
Pennsylvania.      4th    edition,    revised    and    enlarged    and    with    forty-two 
illustrations,     pp.  336  including  index;  sYz  by  /'A  ins.     Flex.  Mor.     Price 
$2.50  net.     Philadelphia,  P.  Blakiston's  Son  &  Co.     1907. 
Ihis  book  treats  of  the  analysis  of  chemical  compounds  by  the  decompos- 
ing action  of  an  electric  current  and  .which  is  of  the  more  recent  evolutions 
of  the  "New  Chemistry."     The   decomposition  of  solutions   of  metallic   salts 
l)y  electric  action  have  been  long  known  and  practiced  in  the  art  of  electro- 
deposition  of  metals,  as  the  coating  of  iron  and  other  metals  with  copper;  in 
silver  and  gold  plating,  etc.     Such  depositions   had  been  determined  or  dis- 
covered  in  an   empirical   way.  and  it  is  a  branch   of  business   that  has  been 
largely  developed  within  a  comparatively  recent  time.     But  the  procedure  was 
hardly  scientific,  at  least  many  engaged  in  this  work  simply  had  their  own  or 
other's  experience  and  rules  to  follow  to  obtain  results.     In  such  operations 
they  used   knovyn   chemical   compounds,  which   by   certain    known  procedure 
resulted  in  obtaining  a  coating  of  some  special  metal,  of  greater  or  less  thick- 
ness, on  the  object  to  be  coated. 
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But  in  this  book  instructions  are  given  of  "the  why  and  wherefore'  and 
the  procedure  by  which  can  be  determined  the  amount  present  of  some 
special  metal  in  an  unknown  compound — an  analysis  in  other  words.  The 
force  or  intensity  and  amount  of  electric  energy,  must  be  known  and  the 
manipulations  to  be  followed  to  secure  the  desired  results,  are  clearly  set  forth. 
The  introduction  of  mechanical  aids  to  assist  in  the  electrolytic  disassociaton 
of  the  metals  in  the  compound,  as  agitation  by  means  of  rotating  the  cathode 
or  anode,  is  of  considerable  importance.  The  author  shows  by  various 
illustrations  how  this  has  been  done  by  one  or  another  investigator.  The 
shortening  of  the  time  in  making  such  analysis  is  of  great  value,  in  a  com- 
mercial way. 

The  first  part  of  the  book  discusses  the  sources  of  the  electric  current, 
the  reduction  of  the  same  by  various  forms  of  rheostats,  the  measure- 
ments of  the  current,  etc.,  followed  by  a  historical  sketch  and  theoretical  con- 
sideration, closing  with  a  consideration  of  using  a  mercurral  cathode.  The 
"Special  Part"  follows,  on  the  determination  of  the  halogens  and  of  nitric 
acid  in  the  electrolytic  way ;  special  applications,  a  rotating  anode  and  of  a 
mercury  cathode  in  analysis ;  oxidation  by  means  of  the  electric  current  and 
finally  the  combustion  of  organic  compounds.  Altogether  the  book  should 
be  of  great  value  to  students  and  practitioners  in  chemical  analysis  and  is 
well  worthy  of  a  place  at  the  right  hand  in  an  analytical  laboratory.  W. 

Manual  of  Examinations  for  Engineering  PosiTiofis  in  the  Service  of 
THE  City  of  New  York.     Questions  and  Answers  in  3  Volumes  and  8 
Parts;   also,   Appendixes  giving    Examination   Papers,   etc.,   in  the   Civil 
Service  of  the   Federal  Government    including  the   Panama  Canal  and 
the    United    States    Navy),    New    York    State,    Boston,    New    Orleans, 
Chicago,  etc.,  by  .Myron  H.   Lewis,  C.  E,  and  Milton  Kempner,   C.  E. 
Published   by   the    Engineering   New    Publishing   Co.,    New    York,    1906. 
■  All  in  one  octave  volume ;  over  700  pages ;  cloth.    Price  $5.00. 
The  first  part  of  this  book,   of  about  500  pages,   is   made  up  of  several 
pamphlets  issued  from  time  to  time  to  give  information  of  the  character  of 
the  examinations  for  admission  to  several  grades  of  engineering  of  the  Civil 
Service.     The  paging  is   not  continuous,   except   for   each  of  the    several   8 
parts  or  divisions.     The  Appendix,  however,  covering  the  examinations   for 
positions  in  the  Federal   service  and  the  service  of  New   York  State;   also, 
the  service  in  the  cities  of  Boston,  New  Orleans,  etc.,  is  paged  consecutively, 
which  is  an  advantage  in  this  part  of  the  book.     From  this  form  of  make  up 
it  is  not  practical  to  have  an  index  to  cover  the  whole  volume,  which  is  to  be 
regretted.     The  table  of  contents  shows  that  for  the  major  part  of  the  book 
the  examinations,  etc.,  is  for  positions  under  the  civil  service  in  the  engineer- 
ing work  of  New   York  City.     This  consists  of  an  introductory  giving  the 
civil  service  rules  relating  to  filing  applications   (for  positions  and  examina- 
tions), of  marking  and   rating,  of  eligible   lists,   of  certification  and  appoint- 
ment, of  suspension  and  reinstatement,  of  transfer,  promotion  and  removals. 

The  Questions  and  Answers  are  "3  Vols."  The  first  relating  to  Axeman, 
Chainman  and  Rodman,  Leveler,  Transitman  and  Computer.  The  second 
volume  relates  to  Assistant  Engineer  and  the  third  to  Draftsman  and  In- 
spector. These  divisions  are  sub-divided  into  Part  I — Axeman.  Part  II — 
Chainman  and  Rodman.  Part  III — Leveler.  Part  IV — Transitman  and  Com- 
puter. Volume  II — Assistant  Engineers  are  classified,  whether  for  "Rapid 
Transit,"  "General  Aqueduct,  Docks,  Sewers  and  Highways."  Valume  III 
is  divided  in  "Draftsman  and  Helper"  and  "Inspector"  of  Buildings,  Masonry, 
Street  Paving,  Sewers,  etc. 

The  gathering  together  of  all  this  matter  relating  to  the  requirements  in 
engineering  knowledge  to  command  positions  in  the  civil  service  results  in 
a  book  which  is  an  excellent  one  for  a  course  of  study  review.  It  is  very 
likely  that  there  are  but  few  practicing  engineers  but  that  would  be  benefitted 
by  going  over  such  a  work  as  this  to  refresh  their  memories  on  some  points 
of  engineering  knowledge.  To  one  contemplating  taking  an  examination  for 
an  engineering  position  in  the  civil  service,  it  would  be  advisable  to  review 
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the  questions  and  work  out  the  problems  set  forth  in  these  pages.  Not  that 
on  the  day  of  examination  the  applicant  would  get  the  same  question— that 
would  be  very  unlikely,  but  a  study  of  the  book  would  show  the  reader 
where  he  was  deficient  and  what  subjects  upon  which  he  might  be  examined, 
it  was  necessarj-  for  him  to  go  back  to  his  course  of  study  and  refresh  his 
memor}-. 

The  book  would  also  be>  valuable  to  the  examiners  under  the  civil  service 
rules  in  its  suggestions  as  to  the  questions  to  be  put  on  the  examination 
papers.  The  book  has  many  illustrations  and  some  tables.  Apart  from  the 
technics  of  the  examinations,  the  introductory  and  explanatory  remarks,  show- 
ing the  great  number  of  engineering  positions  existing  under  the  civil  service 
rules,  the  compensation  to  those  holding  such  positions,  etc.  makes  the  work 
an  interesting  one.  W. 

Reinforced  Concrete  ]n  Factory  Construction.  Published  by  the  Atlas 
Portland  Cement.  30  Broad  St.,  New  York.  Pam.  6>4!  by  9  ins. ;  249 
pages;    158  illustrations. 

This  book   is  a   good  deal  more  than   merely  a   "trade  catalogue"   though 
published   at  the  cost  of,  and  in   the   interest  of,   a   Portland  cement   manu- 
facturing company.     The  text  of  about  150  pages  is  good  reading  for  those, 
interested  in  concrete  building  construction. 

Factory  Construction,  is  the  subject  of  Chap.  I,  while  Design  and  Con- 
struction is  the  title  of  Chap.  II,  which  includes  specifications  for  cement. and 
materials  including  the  aggregate,  waters,  reinforcing  steel,  proportions,  mix- 
ing, etc..  design  of  foundations,  floor  .systems,  columns,  walls,  roofs,  etc.  In 
Chap.  Ill  the  subject  of  aggregates  is  well  discussed,  and  then  in  succeeding 
chapters  are  described  sundry  notable  buildings  of  concrete  construction ; 
some  ten  different  buildings  being  described  with  copious  illustrations.  De- 
tails of  construction  are  further  enlarged  upon  in  Chap.  XIV,  describing  with 
illustrations,  various  systems  of  reinforcement.  Following  these  under  the 
heading  of  Miscellaneous  Buildings  are  25  full  page  illustrations  (half-tones) 
of  exterior  and  interior  views  of  various  buildings  completed  or  in  process 
of  construction,  which  are  instructve  and  show  the  wide  range  of  possi- 
bilities of  building  construction  in  concrete.  Some  17  letters  of  commenda- 
tion of  .\tlas  Portland  Cement  are  introduced  in  conclusion  of  the  book. 
Notwithstanding  the  advertising  character  of  the  publication  the  book  is  well 
worth  a  place  in  an  Engineer's  library  for  the  intrinsic  value  of  the  first 
part  of  the  book,  dealing  with  practical  instructions  on  this  subject,  which 
has  been  prepared  by  Mr.  Sanford  E.  Thompson,  Assoc.  M.  Am.  Soc.  C.  E. 
and  joint  author  of  that  valued  text-book  "Concrete  Plain  and  Reinforced.'" 

The  publishers  advertise  that  other  similar  handbooks  have  been  published 
by  them,  as  "Concrete  Construction  about  the  Home  and  on  the  Farm." 
"Concrete  Cottages"  and  "Concrete  Country  Residences.''  W. 

TRADE  PUBLICATIONS. 

Steel  Coal  Tipples:     Wisconsin   Bridge  &  Iron   Co.,  Andrews  Allen,   Con- 
tracting   Engineer,    1127    Monadnock    Block,    Chicago.      Catalogue;    stiff 
paper  cover  of  artistic  design  12  by  9  ins.;  illustrated. 
This  catalogue  contaiVis  20  plates,  printed  on  heavy,  glossed  paper,  showing 

various   styles  of   steel   coal  tipples,  as   designed  and  built  by   the   Wisconsin 

Bridge  &  Iron  Co.     These  designs  have  been  carefully  worked  out — and  have 

proved  well  adapted  to  the  several  locations. 

Elevating  and  Conveying  Machinery  :     The  Jeffrey   Mfg.  Co.,  Columbus, 
O.     1907.     Catalogue  D.  paper;  9  by  6  ins.;  pp.  56;  many  illustrations. 
This  catalogue  illustrates  and  describes  coal  and  ashes  handling  machinery 

of  many  power  plants  throughout  the  country.     It  is  of  value  to  mechanical 

engineers  concerned  with  power  plants,  showing  what  labor  saving  appliances 

are  available. 

Rock  Excavations  Sullivan  Machinery  Co.,  Railway  Exchange,  Chicago. 
1907.  Catalogue  Xo.  60,  second  edition;  paper;  9  by  6  ins.;  pp.  79:  many 
illustrations. 
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In  this  catalogue  the  use  and  advantages  of  Rock  Drills  in  tlie  excavation 
of  rock  by  machinery,  under  various  conditions  and  for  different  purposes, 
are  set  forth  and  illustrated.  There  is  much  in  the  text  and  illustrations, 
that  is  informing  and  should  he  of  interest  to  engineers  concerned  in  rock 
excavation. 

Track    Appliances:     Cook's    Standard    Tool   Co..   Kalamazoo,    Mich.      1907. 

Catalogue;  paper;  9  by  6  ins.;  pp.  16:  illustrated. 

.\  booklet  of  information  of  modern  methods  of  inaintaining  track. 
W'ki.uki)  Pipes     Xitional  Tube  Co.,   Pittsburg,  Pa.      1907.     Catalogue;  paper; 
9  by  6  ins.:  pp.  31  ;  illustrated. 

This  catalogue  illustrates  and  describes  the  progressive  operations  of  the 
manufacture  of  modern   welded  pipe,   from  ore  to  finished  product. 

W.MER  Filtration  :  Loomis  Manning  Filter  Co.,  Philadelphia.  1907.  Cata- 
logue; paper;  9  by  6  ins.;   pp.  68;   illustrated. 

Illustrates  and  explains  mctliods  of,  and  means  for,  producing  pure  water 
as  developed  by  tnechanical  appliances  of  the  most  advanced  type  for  filtering 
waters,  and  for  washing  and  perfectly  cleansing  filter  beds.  The  apparatus 
is  particularly  adapted  for  small  plants — as  Hotels.  Public  Institutions,  Private 
Residences  and  the  like. 

Lifting  Magnets:  Cutler-Hammer  Clutch  Co..  MiKvaukce.  1907.  Cata- 
logue ;  paper ;  8J4  by  5  ins. ;  pp.  ^2 ;  illustrated. 
This  pamphlet  contains  a  number  of  full  page  illustrations,  showing  lifting 
magnets  handling  pig  iron,  steel  stampings,  castings,  scrap  and  other  material, 
together  with  diagrams,  data  on  current  consumption,  information  on  lifting 
capacity  of  magnets,  etc.  A  new  cable  take-up  device  is  also  shown  and 
described. 

Gas  Fngines:  Lazier  Gas  Engine  Co.,  Buffalo,  X.  Y.  Catalogue;  stiff 
folding  paper  cover;   io)4  by  yVj  ins.;  pp.   12;  illustrated. 

This  catalogue  relates  to  the  Lazier  vertical  gas  engines,  multiple  cylinder 
type,  for  general  power  and  lighting  service,  designed  to  operate  on  illuminat- 
ing gas,  natural  gas,  and  producer  gas. 

In  connection  with  the  catilogue  are  six  blue  prints,  showing,  front  view 
of  assembled  engine,  end  view  of  assemlMed  engine,  dissected  end  view  of 
engine,  cross  section  front  view,  dissected  view  of  igniters,  etc. 

Steam  Turbines:  B.  F.  Sturtevant  Co..  Hyde  Park.  Mass.  Bulletin  Xo.  15; 
stiff  paper;  9  by  6'/4  ins.;  pp.  16;  illustrated. 
This  turbine  is  especially  adapted  to  fan  systems  of  heating  and  ventilating 
public  buildings.  It  is  said  to  be  "superior  to  the  reciprocating  engine  because 
of  its  simplicity,  durability,,  freedom  from  noise  or  vibration  and  absence  of 
governor  belts."  The  buckets  are  cut  in  the  solid  wheel  (and  therefore  in- 
destructible) and  the  low  speed,  are  featurs  of  special  advantage. 

Western    Blue   Book:      Milton   E.   Lowitz    Publishing   Co.,   Chicago.      1907. 
Cloth  bound  volume  io^4  by  8  ins.;  pp.  710.     Price  $5.00. 
This  is  the  eighteenth  year  of  the  publication  of  the  "Western  Blue  Book 
and  Buyer's  Reference,"  and  contains  a  classified  list  of  architects,  engineers, 
contractors  and  manufacturers. 

Sewage  Purific.vtion  .-.nd  Disposal,  Witholt  Sewers:  House-Sewage  Dis- 
posal Co.,  Chicago.     Catalogue;  paper;  7  by  10  ins.;  16  pp.;  illustrated. 

This  booklet  describes  the  Ashley  methods  of  the  purifying  and  disposing 
by  the  natural  forces  of  septicization  and  enforced  underground  nitrification 
of  domestic  sewage  from  isolated  residences,  private  or  public  institutions, 
factories,  etc.  It  contains  extracts  from  leading  Biologists  and  Sanitary 
Engineers  of  this  country  and  foreign  countries,  testimonials,  and  paragraphs 
directed  to  prospective  users. 

The  subject  appeals  directly  to  those  who  desire  to  equip  their  homes 
or  buildings  with  modern  plumbing  conveniences  in  localities  having  no  sewer 
service. 


LIBRARY  NOTES. 
The  Library  Committee  wishes  to  express  thanks  for  donations 
to  the  Hbrary.     Back  numbers  of  periodicals  are  desirable  for  ex- 
change and  in  completing  valuable  volumes  for  our  files. 

Since  the  issue  of  the  Journal  for  October,  1907,  we  have  the 
pleasure  to  report  the  following  additions  to  the  library  and  gifts 
from  donors  named: 

MISCELLANEOUS  GIFTS. 
David  Ross,  Secy-  Bureau  of  Labor  Statistics,  Springfield,  111.     25th  Annual 

Coal  Report  of  111.  Bureau  of  Labor  Statistics,  1906.     Qoth 
John  Wiley  &  Sons,  New  York.     "Tables  of  Quantities  for  Preliminary  Esti- 
mates," by  E.  F.  Hauch  and  P.  D.  Rice,  1907.    Cloth. 

"Plane    Surveying," — A   Text-book  and    Pocket   Manual    by 

J.  C.  Tracy,  1907.     Leather. 
Scientific  Publishing  Co.,  Manchester,  England.    "Fowler's  Mechanical  Engi- 
neer's Pocket  Book,"   1908.     Leather. 
P.   Blakiston's  Son  &   Co.,    Philadelphia.     "Electro   Analysis,"  by  Edgar   F. 

Smith,  1907.     Leather. 
Purdue  University,  Lafayette,  Ind.    Announcement  of  20th  Winter  School  of 

Agriculture,  October,  1907.     Pamphlet. 
George  M.  Wisner,  m.w.s.e.,  Chicago.     "Disposal  of  Sewage  from   Calumet 

Div.  of  Sanitary  District  of  Chicago,"  by  Rudolph  Hering, 
October,   1907.     Pamphlet. 
Clemens  Herschel,  New  York.    "The  Venturi  Water  Meter,"  1907.    Pamphlet. 
E.  E.  R.  Tratman,  m.w.s.e.,  Chicago.     Water  Supply  and  Irrigation  Papers, 

Nos.  198,  202,  207,  209  and  210.     Pamphlets. 

Pro'c.  Association  of  Railway  Supts.  of  Bridges  and  Build' 
ings,   1906.     Pamphlet. 

Bui.  International  Railway  Congress,  August,  1907.  Pamphlet. 

Railway    Auto  Car  Co.,  New  York,  "Ganz  System,  Self-pro- 
pelled cars  for  railways."     Pamphlet. 
P.  M.  Chamberlain,  Chicago,     Miscellaneous  papers,  etc.    48  Pamphlets. 
Illinois-Vicksburg  Military    Park   Commission,   Col.   C.    R.    E.   Koch,    Sec'y., 

Chicago.     "Illinois  at  Vicksburg."     1907.      Qoth. 
Michigan  State  Board  of  Health,  Lansing.    34th  Annual  Report,  Mich.  State 

Board  of  Health,  1906.     Cloth. 
New  Jersey  State  Board  of  Health,  Trenton.    Cir.  118,  "Public  Health  Laws," 

1907.    Pamphlet. 
Canadian  Mining  Journal,  Toronto,  Ont.    "The  Ontario  Meeting  of  American 

Institute  of  Mining  Engineers,"   1907.     Pamphlet. 
Lewis    Institute,    Chicago.      Register    1906-7;    Alumni    Bulletin,    July,    1907. 
Mass.  State  Board  of  Health.     38th  Annual  Report,   1906.     Cloth. 
R.   C.   Huston,   M.W.S.E.,   Louisville,   Ky.     "Report,   The    Hattiesburg,    Miss., 

Traction  Co.,"  1907.     Leather. 
The  Macmillan  Co.,  New  York.    "The  Metric  and  British  Systems  of  Weights, 

Measures  and  Coinage,"  by  F.  MoUwo  Perkin,  Ph.D.,  1907. 
University  of  Illinois,  Champaign,  111.     "The  Alumni  Quarterly,  July,  1907." 

Bui.    14,    Tests    of   Reinforced    Concrete    Beams,    Series    of 
1906,  by  A.  N.  Talbot.    Pamphlet. 
Milton  E.  Lowitz  Publishing  Co.,  Chicago.     "The  Western  Blue  Book  and 

Buyers  Reference,"  1907.    Cloth. 
W.,  H.  Bixby,  m.w.s.e.,  Chicago.     "Report  upon  the  Improvement  of  Chicago 

and  Calumet  Harbors,"  etc.,  1907.    Pamphlet. 
C.  L.  Strobel,  m.w.s.e.,  Chicago.     "The  History  of  the  First  National  Bank 

of  Chicago,"  by  Henry  C.  Morris,  1902.    Cloth. 
850 


Library  Notes.  851 

EXCHANGES. 
Institution  of  Electrical  Engineers,  London.     Proc.  Mar.,  May,  1907.     No.  2. 

Pamphlet. 
American  Institute  of  Electrical  Engineers.    Transactions  of  the  Institute  for 

1906.    Vol.  25.    Cloth. 
North-east  Coast  Institution  of  Engineers  and  Shipbuilders.    Transactions  of 

the  Institution  for  1906-7.    Vol.  23.     Half-leather. 
Wisconsin  Geological  and  Natural  History  Survey.     "The  Geology  of  North 

Central  Wisconsin,  Wiedman,"  1907.    Bui.  No.  XVI.     Cloth. 

"The  Abandoned  Shore-Lines  of  eastern  Wisconsin,  Gold- 
thwait,"   1907.     Bui.  XVII.     Cloth. 

"Rural    Highways    of   Wisconsin,    W.    O.    Hotchkiss,"    1906. 
Bui.  XVIII.     Pamphlet. 
Illinois  State  Geological  Survey.    Cir.  No.  2.    "Mineral  Production  of  Illinois 

in  1906,  Van  Horn."     Pamphlet. 
Geological   Survey  of  Canada.     Various  Reports  of  Geological   Survey.     30 

pamphlets. 
Smithsonian  Institution,  Washington.     Annual  Report  for   1906.     Cloth. 
Master  Car  Builders'  Assc'n.,  Chicago.    41st  Annual  Report  of  Assc'n.,  1907. 

Half-leather. 
Railway  Signal  Association,  Bethlehem,  Pa.     No.  5,  Vol.   10,  Sept.  10,  1907. 

Pamphlets. 
Ohio  State  Highway  Dept.,  Columbus.    Bui.  No.  9,  Proposed  Amended  State 

Aid  Law,  by  S.  Huston.     Pamphlet. 
Royal   Society  of  New    South   Wales.     Journal   and   Proceedings   for   1906. 

Vol.  XL.    Pamphlet. 
American  Water  Works  Assc'n.     Proc.  37th  annual  convention,  1907.     Cloth. 
Iowa  Engineering  Society,  Iowa  City,  la.     Proc.  19th  Annual  Meeting,  1907. 

Pamphlet. 
Western  Australia  Geographical  Survey.    Bui.  No.  26,  1907.     Pamphlet. 
Institution  of  Civil  Engineers,  London.     Minutes  of  Proceedings.     Part  III, 

1906-7.    Pamphlet. 

GOVERNMENT  PUBLICATIONS. 
U.  S.  Geological  Survey,  Dept.  of  Interior.     Pamphlets. 

Production  of  Graphite  in  1906,  by  G.  O.  Smith. 

Production  of  Coal  in  1906  by  E.  W.  Parker. 

Production  of  Lime  and  S^nd-lime  Brick  in  1906,  E.  C.  Eckel. 

Production  of  Platinum  in  1906,  by  Day. 

Production  of  Mineral  Paints  in  1906,  by  Eckel. 

Production  of  Sulphur  and  Pyrite  in  1906,  Day. 

Production  of  Abrasive  Materials  in   1906,  Sterrett. 

Production  of  Iron  Ores  and  Iron  Products  in  1906.     Eckel. 

Production  of  Petroleum  in   1906.     Griswold. 

Production  of  Manganese  Ores  in  1906.    E.  C.  Eckel. 

Production  of  Antimony,  Arsenic,  Bismuth  &  Selenium  in 
1906,  Hess. 

Production  of  Natural  Gas  in  1906.     B.  Hill. 

Production  of  Quicksilver   in    1906.     Boutwell. 

Production  of  Lead  in  1905.     Boutwell. 

Bui.  304.  Oil  and  Gas  Fields  of  Greene  Co.,  Pa.,  Stone  & 
Clapp. 

Bui.  311.  The    Green    Schists    and   Associated    Granites    and 
Porphyries  of  Rhode  Island. 
Bull.  313.  The  Granites  of  Maine. 

Bui.  317.  Preliminary  Report  on  the  Santa  Maria  Oil  Dis- 
trict, Santa  Barbara  County.  Cal.    Arnold  &  Anderson. 

Bui.  318.  Geology  of  Oil  and  Gas  Fields  in  Steubenville, 
Burgettstown  and  Claysville  Quadrangles,  Ohio,  West  Vir- 
ginia and  Pennsylvania. 
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Bui.  320.  The  Downtown   District  of  Leadville,  Colo. 

Bui.    ^2;^.    Experimental    Work    Conducted    in    the    Chemical 

Laboratory  of  the  U.   S.  Fuel-Te.sting  Plant  at   St.  Louis. 

Lord. 
Bui.  324.  The  San  Francisco  Earthquake  and  Fire  in  April, 

1906.  and  their  effects  on  structures  and  structural  material. 
Professional  paper  Xo.  53.  Geology  and  Water  Resources  of 

the  Bighorn  Basin,  Wyoming,  by  C.  A.  Fisher. 
The  Manufacture  of  Coke  in   1906,  E.  W.  Parker. 
Statistics    of    the    Clay-working   Industries    in   the   U.    S.    in 

1906.   Middleton. 
.\    study   of   Four   Hundred   Steaming   Tests   made   at   Fuel- 
Testing  Plant.   St.  Louis,  Mo.     Breckenridge.     Bui.  325. 
U.  S.  Dept.  of  Commerce  and  Labor,  Bureau  of  Census.     Pamphlets. 
Census  of  Manufacturers.  1905  : 
Bui.  81.  Shipbuilding. 
Bui.  82.  Musical   Instruments,  etc. 
Bui.  83.  Slaughtering  and    ^leat    Packing,    manufactured    ice 

and  salt. 
Bui.  84.  Carriages   and   Wagons,  and   the    Steam   and   Street 

Railroad   Car  Industry. 
Bui.  85.   Pens,   Pencils,  Buttons,  Needles.  Pins.  etc. 
Bui.  86.  Copper.  Lead  and  Zinc. 
Bui.  87.  Tobacco. 

Bui.  88.   Power  employed  in  manufactures. 
Bui.  89.   Population  of  Oklahoma  and  Indian  Territory,  1907. 
Bui.  90.  Supply  and  Distribution  of  Cotton. 
Statistics  of  Cities  having  a  population  of  over  30,000.     1905. 
Special    Reports.       Prisoners    and    Juvenile    Delinquents    in 

Institutions,    1904. 
U.  S    Dept.  of  .\griculture.  Forest  Service.     Pamphlets. 

Cir.     98.  Quantity  and  character  of  creosote  in  well-preserved 

timbers,  by  Gellert  .\lleman. 
Cir.   III.   Prolonging   the    Life   of    Mine   Timbers,   by   J.    M. 

Nelson.  Jr. 
Cir.   114.  Wood  Distillation,  by  W.  C.  Geer.     Nov.,  1907. 
Cir.   115.  Strength    of    Structural    Timber — second    progress 

report,  by  W.   K.   Hatt. 
Cir.   117.   Preservative  Treatment  of  Fence  Posts.  Weiss. 
Cir.   119.  Consumption   of  Tanbark  and   Tanning  Extract  in 

1906. 
Cir.   120.  Consumption  of  Pulpwood  in  1906. 
Cir.   121.  Wood   L'scd  for  Distillation  in   1906. 
Cir.   123.  Production  of  Slack  Cooperage   Stock  in   1906. 
Cir.   124.  Consumption  of  Cross-ti'^s  in   1906. 
Cir.   126.  Forest   Tables — Lodgepole   Pine,   Ziegler. 
Cir.   129.  The  Drain  upon  the  Forests,  R.  S.  Kellogg. 
U.  S   Commissioner  of  Education.     Report  of  Commissioner  for  1906.    Vol.  I. 
Cloth. 


MEMBERSHIP. 


Additions  to  Membership:  Grade. 

Baker,  Horace  S.,   Chicago Active 

Birch-Nord,  C.  W.,  Chicago,  transferred  from  Junior  to Active 

Block,  Edgar   W.,   Chicago ' Active 

Bunker,  George  T.,  La  Grange,  111 Active 

Carrick,  T.   Bright,  Dorena,   Mo Active 

Carter.  Edwin  A.,  Chicago Active 
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Clark,  Frank  S..  Bedford,  Ind Active 

Ellis,  Hubert  C,  Chcago Junior 

Ellstrom,  V.  E.,  Evanston,  111 Junior 

Gerety,  Richard   M.,   Chicago Active 

Goss,  W.  F.  M.,  Champaign,  111 Active 

Hansen,  Otto  S..  Chicago Junior 

Harvey,    Forrest    S.,    Chicago Junior 

Hatt,  William  K.,   Lafayette,   Ind Active 

Jacobsen,    Noah    H..    Chicago Junior 

Johnson.   A.   X..   Springfield,  111 Active 

Johnson,  Marc.  Chicago,  transferred  from  Junior  to Active 

Kendrick,    J.    \\'.,    Chicago Active 

Lattin,   Judson.    Chicago Active 

Lemmon,    Charles   C.  Elmhurst,   111 Junior 

Macdonald,  H.   G.,  Chicago Junior 

MacKnight,    James    R.,    Chicago Junior 

McGillivray.    Xorman    M.,    Chicago Junior 

Mershon,  Russel  J..  Chicago Active 

Mills,  Albert  B.,  Chicago Junior 

Mohler,    Charles    K..    Chicago Active 

Mountain,  John  T.,  Chicago,  transferred  from  Junior  to Active 

Pierce   S.  L.,  Chicago Junior 

Schafmayer,  A.  J..  Chicago Junior 

Shepherd,  C.  W.,  Chicago,  transferred  from  Junior  to Active 

Sims,    William    F..    Chicago Active 

S>olander,  Axel  K..  Chicago : Junior 

Tapley,   Thomas   H.,  Chicago •. Active 

Thomas,    Homer,    Chicago Active 

Vincent,   Wm.   H.,   New   Orleans,   La. ! Junior 

Walbridge.  J.   T.,  Chicago Junior 

Walker,    Archibald    O.,    Chicago Active 

Weld,  Harold  K.,  Elgin,  111.   Junior 


Deceased  Members : 

Prof.  Storm  Bull,  ^ladison  Wis.,   November   17th,   1907. 
Mr.  W.  S.  Love.  Xew  York,  X.  Y.,  December  nth,  1907. 
Mr.  Irving  Parker.  Chicago.  Xovember  17th.  1907. 


Corrected  Addresses : 

Abbe,  F.  R.,  22  13th  Ave.,  Xcwark.  X.  J 

Aldinger,  A.  H.,  loio  Union  Bank   Bldg..  Winnepeg.  Can. 

Anders,  F.  L.,  care  of  Utah  Copper  Co..  Garfield,  Utah. 

Archer,  John   G.,   1847  W.   Garfield   Blvd.,   Chicago. 

Barker,  Perry,  care  of  University  of  Illinois,  Urbana.  111. 

Beebe,  Grant,  4138  Perry  Ave.,  Rogers  Park.  Chicago. 

Bright,  George,  230  Pleasant  Ave.,  St.  Paul,  Minn. 

Canfield.  Albert  T.,  410  U.  S.  and  Mex.  Bldg.,  Kansas  City,  Mo. 

Garden,  William  H..   1241  First  Xational  Bank  Bldg.,  Chicago. 

Cox.  J.  B.,  659  E.  48th  St.,  Chicago. 

Coy,  Frank  A.,  5941  Michigan  Ave..  Chicago. 

Duncan,  A.  G.,  2815  X.  Seeley  Ave.,  Chicago. 

Fridstein,  Hymen,  633  E.  46th   Place.  Chicago. 

Gardner.    Thomas    M..    Prof,    of    Electrical    Engineering.    State    Agriculture 

College.  Corvallis.  Oregon. 
Gray,  James  C,  Watson  Road,  Sewickley,  Pa. 
Hale,  William  B.,  la  Independencia  Xo.  6,  City  of  Mexico,  Mex. 
Harper.  Fred  C,  501  X.  Fourth  St.,  Terre  Haute,  Ind. 
Harper.  John,  care  of  Western  Electric  Co..  Hawthorne,  III. 
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Kimball,  Granville,  Monadnock  Bldg.,  San  Francisco,  Cal. 

Kuss,  Robert  H.,  1053  Leland  Ave.,  Chicago. 
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